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npe^HCJioBHe k KHHre «HenpoTHBopeHHBaH 
3JieKTpO^HHaMHKa» 

H3 H3BCCTHBIX B npiipOPC 'ICTBipCX TI1I10B BjailMOpCHCTBHH (cHaBHBie, CHa- 
6tie, BJTCKTpoNfaniHTnhic, rpaBHTaniioniiBie) b cboch noBcc/iiiCBiioii co3HaTeaB- 
hoh npaKTHKe mbi iiaiiooacc aacTO c t aa k ii b a c mc a c aaeKTpoMarHHTHBiMH. 3 to 
npc>Kac Bcero B3a iim oac 11 ctbiic nacTHU BemecTBa MOKay co6oh, a 3iia l mT h 
C ymHOCTB MCXailH'ICCKHX B33IIM0/1C M CT BIIII Tea, B TOM HHCJie VKHBBIX, 3TO - 
B3aHMO,HeHCTBHe CBCTOBBIX H ap>THX SJICKTpO M3 Til IITII BIX H3ayHeHHH C BCIHCCT- 
BOM H T.p. 

B ocHOBe npaKTH'icc'KH Bcex HcnoaB3yeMBix aeaoBCKOvi npn6opoB h ycT- 
pOHCTB Jie>KaT 3JTC KTpo via n IHTIIBIC B 33 II VTO/1C II ct b ii a. He cayaaiino nOSTOMy 
3JieKTpnHecKne h MarHHTHBie noaa CTajiH o6i.eKTOM npucTaaBHoro iTiyacima. 
Bo3HHKna oaiia m Ba/KHeHimix ooaacTcii HayKii h TexHHKii - 3a e kt p o a h n a mh k a, 
a mnpoTa oxnaTBiBacviBix eio iiccac/iOBaimii h HCKaioaiiTcaBiiaa nao/iOTBop- 
hoctb npaKTHHecKoro Hcnoai>30BaHHJi C03paaa naaio3HK) CTporocTH h 33koh- 
HeHHOCTH 3toh Teopini KaK oaiioro m paapeaoB KaaccuaecKOH (|)H3hkii. 

Oaiiaxo Boipocmnc k iiacToaiiicviy BpeMemi npaKTiiaccKiic noTpe6HocTH 
C03paHHa coBpcMcniiBix npiioopori h ycTpoiicTB, yBcaii'iciiiia TOHHOCTH H MOm- 
HOCTII HMeKHHHXCJI npIIBCail K OTKpBITHIO HOBBIX H K VTOHIICHHIO H3BeCTHBIX 
(J)H3HHeCKHX HBaCIlHH. He >' Ka a/I BIB a 101IIIIX C a B OOIUCnpHIiaTBIC 33K0H0MepH0CTH 
saeKTpopHHaMHKH b paMKax via kcb caao bckhx ypaBiicniiii; h bot yavc CTpon- 
hoctb h 3aK0HHeHH0CTB KnaccHHecKOH 3acKTpoaii11a\iii kH BBiraa.aiiT Ka/Kymen- 
ca. Moiiorpai|)iia F.B. HiiKoaacria nocBameiia hmchho 3T0My Bonpocy. 

He oypcvi nepecKa3BiBaTB coacp'/Kamic khhth. OHa HanucaHa cvicaBivi h 
T ajiaHTaHBBiM HccaepoBaTeaeM noHUTHBiM h3bikom pan Ka>Kporo aceaaiomero 
B3raaHyTB Ha saeKTpopHHaMHKy otkpbitbimh raa3aMH. B MOHorpacjiHH ray6oico 
aiiaaiinipyiOTca HCTopii'iccKHC npeanocBiaiai B03HHKH0BeHHa npoTHBopcHiiii b 
saeKTpopHHaMHKe, npiiBoaiiTca coaiiaiiBiii ncpcaciiB TeopcTii'iccKiix h 3Kcne- 
piiMeHTaaBHBix napapoKCOB, 6oaBimiHCTBO H3 kotopbix 6blho BBWBaeHO caMHM 
aBTopoM; h Konc'ino >Ke, npcaaaraioTca peanH3yeMBie nyTH coBcpmcncTBOBaniia 
saeKTpopHHaMHKH, nyra ycTpaiicniia npoTHBopemiH, hto BecBMa Bamio. OaK- 
THHeCKH 3T0 O C V III C C T B a a C T C a Hcpci POCTOBCpilO pOKaiailHOC aBTopoM OTKpBITHe 
hoboto Tuna MarHHTHoro noaa. Ho cymecTByeT an Boo6me MarHHTHoe noae? 
He ariaacTca an (|)H3ii'iccKoii cymHOCTBio 3ac kt poa h navi hkh BeKTopHBiH noTeH- 
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unan? OnuaKO mbi y>xe xtoroBopunHCB He noBTopuTB co.acpvKannc MOHorpatjjmi. 
HuTaTCJib caM MO>KeT c hum noiiiaKovinTbcu. npo'iHTari KHury. 3/iccb vkc npcn- 
CTaBHfleTCH Ba>KHBIM H3H05KHTB B3THH;i C TO'IKH 3peHHJI yCTaHOBHeHHH C/lHIICTBa 
(j)H3HHeCKHX 3H3HHH - 3TO nOMO'/KCT HaM VTOMIIHTB (|)H3H'ICCKHH CMBICH flBJIG- 
hhh, 3aTparHBaeMBix b MOHorpacjiHH. 

HaM yZiajIOCB OOBC/IHHHTb H3BeCTHBie HCTbipC imHVIO/ICHCTBHSI. OTTajIKH- 
BaaCB ot aBJieHHJi KOMnyTaiu-ii-i. t. e. hbjichhsi xaoTH'iccKoro oayvK.iaiiHH sne- 
MeHTapHBix 'iacTHH no KBaHTOBaHHOMy npocTpaHCTBy (|)H3H'iccKoro BaKyyvia. 
3t 0 n03B0JIHJI0 TCOpCTH'ICCKH BBIBeCTH npaKTH'ICCKH Bee (|)y nnaVICHTajlbHblC 
3KCnepHMeHTajIBHO H3BeCTHBie (|)H3H'ICCKHC 3aKOHBI. B pe3yHBTaTe CymeCTBeHHO 
npOJICHHJICJI (J)H3HHeCKHH CMBICH CymHOCTH HBJTCHHH. 

Cpc/ioii (|)H3H'iccKoro BaKyyvia c stoh to'ikh ipciiHsi hbjmctch CBepxTexy- 
naa "BHxpcBan ry6Ka" EepHynnn. BuxpeBBie Tpy6KH b Taxon cpcnc oopaiyioToi 
KpyrOBBIMH TOKaVfH "BHpTyajIBHBIx" 3JieKTp0HH0-n03nTp0HHBIX nap. 3HaK 3JieK- 
TpnnecKoro sapa/ia onpencnacTCH HanpaBHeHneM Bpamennsi (jieBoe, npaBoe) 
BnxpeBBix Tpy6oK, T.e. HanpaBHeHneM BCKTopa npo'inocTH Tpy6ox Ha Bpame- 
Hne. HHBapnaHTOM bchh'ihiibi lapa/ia (sncMciiTapiiBiii japan) aBnaeTca o6BeM 
npocTpaHCTBeHHon KneTKH b cocTaBe BiixpeBon Tpy6KH nna noKOHmerocH b 
cpcniicM sneKTpona. Oh movkct 6bitb H3MeHeH tohbko 'icpci H3MeHeHne bchh- 

HHHBI (|)yIipaMCIITaHBIIBIX (|)H3H'ICCKHX KOHCTaHT. M3KpOCKOnH'ICCKOC CMCIHG- 
Hne npocTpaHCTBeHHBix KneTOK, onHiicTBopsnomcc n h sn c k t p h h c c k o c cMeme- 
Hne, b cpc/ic (|)H3H'iccKoro BaKyyvia nopoacnaeT noKanbiibic h3th6bi BnxpeBBix 
Tpy6oK, hbhhioihhxcji TcnaviH c|)otohob. H3th6bi pacnpocTpansnoTca unonb bhx- 
peBBix Tpy6oK no bhhtoboh hhhhh co cxopocTBio CBeTa, npn stom b cpc/ic B03- 
HHKaioT CHBiirn. pacnpocTpaiiaiomHcca npaKTnnecKH c OccKoncmoH CKopo- 
ctbk), ho He OTpbiBaioiiuicca ot h3th6ob BnxpeBBix Tpy6oK. B npocTpaHCTBe )Ke 
3th CHBiirn Ka'/KHbivi h3th6om c|)op vtupy iotcsi b mo no X po VI3T H 'ICC Ky 10 SHCKTpO- 
MarHHTHyio BOHHy, no.TiHHaiomyioca ypaBiicimsivi VfaKCBcnna. PaciCT b33hmo- 
TieHCTBHH H3Th6oB BHXpeBBIX Tpy6oK l iepC3 nOTHOmeHHe 3THX CHBIirOB KOHHHe- 
CTBeHHO npiiBoniiT k 3axoHy Kynona. 3iicktph'icckhh japan npn stom BBicTyna- 
eT KaK KOHCTaHTa iraHvio/iciicTBUsi. a vicxaHH'iccKaa cuna nneKTpH'iccKoro npo- 
ncxoacneHiia - xax cnna peaKHHH npn nornomeHUH cnBHra h3th6om BiixpeBon 
Tpy6KH. HanpaaceHHOCTB sneKTpHiecKoro nona, no <J)H3HHecK0My CMBieny, oxa- 
3BiBaeTCH KOHHnecTBOM hbii'/Kciihsi b cnHimnc o6BeMa, HaKanHHBaeMBIM 3a Bpe- 
mji ncpcxona snevicn Tap noil 'iacTiiiibi (iiirnoa BiixpeBon TpyOKH) H3 oniioii npo- 
CTpaHCTBeHHOH KHeTKH B COCC/HIIOIO. C^BHT npOCTpaHCTBeHHBIX KHeTOK, BBI- 
3B3HHBIH H3Th6oM BHXpeBOH TpyOKH, HMeeT TpailCHHIIHOIinblH H BpailiaTCHbllblH 
KOMnoHeHTBi. T paiicnsHiHoniibiii KOMnoHeHT BocnpHiiHviacTca b KanecTBe shck- 
TpunecKoro nona, Torna KaK BpamaTenBHBin - b KanecTBe MarHHTHoro nona. 
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TaKHM o6pa30M, \ianiHTiioc none, nponopnnonanbnoc nnxpio cmciuciihsi. 
npepcTaBnaeTca peanbHO cymecTByiomiiM 4 )H3HHecKHM noneM. MamuTHoe no¬ 
ne c Harnen tohxh 3 pc i i h n . Hapapy co cnnHOBtiM (no B.H. Pophmobv) n snex- 
TpnnecKHM nonaMH, o6ycnoBnnBaioT cnnbnbic B3aHM0peHCTBHa b aTovniBix ap- 
pax. Pacnap pncMCHTapiibix HacTnn b pciynbTaTC cnaobix BianMonciicTBUH 
npcncTaBnacT co6on KpaTKOBpcMcnnocTb npcObiBanna b noTcnnnanbiion nMe 
npn nononcHTcnbno cth BHyTpeHHen SHeprim (Taxnce no E.H. Pophmobv). 

M a k p o c xo n n h e c k a a KOMnencanna MarHHTHoro non a He npuBOHUT k hchcs- 
HOBeHHio ynBTpaMHKpocKonnnecKHX Biixpen CMcmenna. B cbh3h c sthm co- 
BMemeHne pByx snexTpHHecxnx KOHTypoB c npoTHBonononcHbiM HanpaBneHneM 
TOKa BbiibiBacT, Kax H3BecTHO, noHBncnnc He npiiTancefflia, a OTTanKHBaHnn Me- 
ncpy KOHTypaMH, xotji BHeniHee MarmiTHoe none KOHTypoB CTaHOBHTCJi Hyne- 
bbim (KOMneHcnpyeTcn). IIosTOMy nee BHeuiHaa xoMneHcaiHia MarHHTHoro nona 
PByx napannentHO neTaipnx npoTHBonononcHoro 3Haxa snexrpHHecxHX 3apapoB 
He npHBOpHT K yHHHTOnCeHHK) HX XHIICTHHCCXOH SIieprUH. (|)H3HHCCKHM Bbipa- 
VKcnneM KOTopofl aBnaeTca sHeprna MarHHTHoro nona, Kax sto yocpHTcnbno 
poKasbiBacTca b MOHorpac|)HH. 

npn 0 t noc hT enb 11 o m nBH'/Kcimn sneKTpn'iccKHx aapapon TeMn o6MeHa 
cpBnraMH MC/Kny hhmh HiMcnacTca. hto npuBoniiT k H3MeHeHHio sncKTpnne- 
CKoro BiaHMOHCHCTBua Mcncny hhmh. Bbipencime stoto KOMnonciiTa anexTpn- 
nccKoro non a h ero 3amicb b epHiinnax H3MepeHiia MarHHTHoro nona npuBonm 
k Bbipa’/K'cnmo pna oTxpbrroro F.B. HuxonacBbivi cxanapHoro MarHHTHoro nona. 
TeM cavibivi eme pa3 nopHepxHBaeTca pcanbnocTb SToro nona. 

IloTeHHHan snexTpiiHecxoro nona b HarneM nopxopc npepcTaBnaeT co6oh 
3HeprHio snexTpHHecxoro nona b chhiihhc o6beMa, HaxannHBaeMyio 3a BpeMa 
nepexopa sncMCHTapnon nacTHHbi vicvxpy coccnnnMH npocTpancTBcnnbiMH 
xneTxaMH. FIosTONiy oh onnoinanen. Opnaxo nocxonbxy OTODpaTb 3Ty anepnno 
MoncHO nnuib npn uamnmi ee nepenapa b npocrpaHCTBe nnn BpeMeHH, Hanano 
OTC'iCTa noTeHunana oxa3i>iBaeTca nccyinccTBcnnbiM, hto h BbipancaeTca MaTe- 
MaTHHecxn xax ncB03\to>xnocTb rsBcpcnna ynuBcpcanbiion tohxh OTcncTa no- 
TeHunana. Ilpn HanHHHH cxopocra V snexTpHHecxoro 3apapa pna cxanapHoro 
“MarHHTHoro nona” noTeHiinan snexTpiiHecxoro nona CHnnceH b VIC pa3, CTa- 
HOBacB BCKTopnbiM noTeHunanoM A. Onno inannocTb ero npn stom He ncnc iacT, 
coxpaHaeTca Taxnce h (|)H3hhcckhh cmbich. Bcpci BHxpt 3Toro noTeHunana bbi- 
pancaeTCa nanpavxennocTb oObinnoro MarHHTHoro nona. Opnaxo nocxonbxy 
Tenepb noTcnnnan HMeeT (|)H3 hhcckhh cMbicn sncprnn 3aBHxpeHHOCTH b cpn- 
HHue o6beMa, TpaHcnauHOHHbiH xoMnoHeHT cMemeHna b epepe HecymecTBeHeH, 
hto h BbipancaeTca m aTC m a th 1 1 cc k n xax HeopH03HaHHOCTb BexTopHoro noTeH- 
unana. TeM He MeHee, cxopctbo (J)H3HHecxoro CMbiena cxanapHoro h BexTopHO- 
ro noTeHunanoB ponycxaeT BbipanceHiie nonHoro MarHHTHoro nona ncpci rpa- 
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jjhght noTeHunajia, KaK sto nonyneHO F.B. HnKonaeBtiM b MOHorpac|)HH. ®H3H- 
necKaa *e o.nnoina'inocTB crs>i3H MOK,ny noTcnnnanoM h (|)H3hhcckhm noneM 
nonycicaeT cjwpMynHpoBKy 3aKOHOMepHOCTeil sneKTponiiHaMHKH KaK nepe3 Mar- 
HHTHoe none, TaK n ncpci BCKTopiiBiil noTcnnnan, KaK sto onccTsnrie noKa3aHO 
r.B. HnKonacBWM. OnnaKo MaTcviaTH'iccKoc ynoocTBo t3khx 3anncen oyncT, 
ecTecTBeHHO, ncpaBnoncnnwM nna pa3Horo po.na npaKTHHecKiix 3anan, hto 
TaK)Ke noKa3aHO b MOHorpac|)HH. 

riocKontKy b mo nor pa ([inn 3aTpoHyT Bonpoc o rpaBHTannoniiBix cBoncTBax 
sncKTpona, kociicmch HBneHHH TaroTenna Motcny TenaMH. Flo HaniHM npcncTaB- 
nemniM rpaBHTaiiHoniiBie BjanMoncncTBnn B03HHKai0T ncpci o6MeH rpaBTOHa- 
mh c OTpHiiaTciiBiroH MaccoH. Flpn Ka>K,30M ncpcxonc H3 o.tifoh npocTpaHCTBeH- 
hoh KJieTKH b npyryio jncMCHTapnaH 'iacTuna ncnycKaeT napy rpaBHTOHOB (no- 
JIO)KHTeJIBHOH H OTpHIiaTCJIBIlOH MaCCBl). V paBHTOHBI C nOJIO>KHTeJII>HOH MaCCOH 
CTeKaioT b conpjDKeHHBin Miip aiiTiniacTHii. PacHCT BjanMoncncTBnsi npnBOHHT k 
KOJinnecTBeHHOMy BBipa>Kcnnio 3aKOHa BceMupHoro TsiroTcnnsi. T.e. k BBipa>Ke- 
HHK) rpaBHTanHOHHOH nOCTOJIHHOH. K O C M O n O T H H C C K O C "KpaCHOe CMemeHHe" 
KOJinnecTBeHHO o6tncHneTcn “noxynenncM" (jiOTonoB, KonnHCCTBCimo o6tnc- 
HneTcn TaK)Ke hiitchchbiioctb n cncKTpanBiiBiH cocTaB ({lonoBoro H3nyneHHJi 
BceneHHon. PacHCT rpaBUTannoimBix BianMoncncTBnn noica3BiBaeT, hto KJiac- 
cnHecKne sneKTpoHHBie (no3HTpoHHi>ie) mapuKH BtmojiHjnoT oco6yio pout b 
nornomennn rpaBHTOHOB hioobimh nncMCHTapiiBiMH HacTunaMH. Taxan ciiTya- 
nnji npuBO^HT k ynenBHOMy rpaBHTaniioHHOMy yTJDKenemiio sneKTpoHa cpaB- 
HHTeJIBHO C HyKJIOHaMH, B npOTHBOnOHWKHOCTB yTBep)KneHHK> B MOHOrpa(J)HH 
06 OTCyTCTBHH y 3JieKTpOHa (n03HTp0Ha) rpaBHTailHOIlUBIX CBOHCTB. B CBeTe 
hobbix 3 kc n ep n mc irran b n bi x nainiBix 06 yBennneHnn 3eMHoro ycKopennn Ten c 
MCHBineil ot nocHTcn b non KOHneHTpannen HyicnoHOB (cm. "3a py6c>KOM", 1986, 
N° 15, ot 4 - 10 anpenn) Hamn bbibo,hbi Ka>xyTCJi 6onee 6nn3KHMH k HCTHHe. 
3tot cnopiiBiil Bonpoc paipcmnTcn nanimcnnin mh SKcnepiiMCiiTanBiiBiMH ,nan- 
hbimh, nocKontKy npaKTHKa nBnneTcn cnnncTBcniiBiM KpuTcpucM hcthhbi. 

B ncnoM ooiopnaa MOHorpacjjira F.B. FluKonaeBa 6e3ycnoBHO HBnacTcsi 
KpynHBiM BKna/joM b sneKTpoflHHaMHKy n Boo 6 me b (J)H3HKy. FlonKynaeT bbico- 
Kan hcctiioctb aBTopa b nayKC. Oh He OTCTynun ncpcn nayniBiM (|)aKTOM, xotji h 
OKasancsi b jibhom npoTiiBopeHHH c Tpa.nnn non noil KnaccHHecKoil Teopneil sneK- 
TpoMarHeTH3Ma, He CTan no,nna)KHBaTB HOBBie (JiaKTBi non o 6 menpiiHJiTBie 
npnHuunBi panii toto, hto6bi He noTpeBO>KHTB MHoroyBa>KaeMyio Teopmo h ee 
BenHKHx coinnaTcneil. BnponeM, aBTop ctohb >kc Hecrao iiconiroKpaTiio oiiciih- 
BaeT hcho'ictbi h CBoeil Tcopnn. Abtop OTMcnacT, hto "mbi bhobb BepnynncB k 
TeM HCXOnilBIM "npHMHTHBHBIM" npenCTaBnCHHHM O 3aKOHaX 3nCKTpHHCCKOrO H 
MarHHTHoro B3 a n m o n c il c t b n n, KOTopBie Ha 3ape pa3BHTiin HananBHBix npc.ncTaB- 
neHHH 06 3neKTpoMarHeTH3Me ctojuih ncpcn (|)H3HKa\in toto BpeMeHn". Onnaxo 
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He cuc/iycT 3a6i>iBaTB, hto stot "B03BpaT" ocymecTBJiaeTCJi HeH36e>KHo Ha 6onee 
bbicokom Ka'iccTBcnnoM ypoBHe, OTpavKaa o6i>eKTHBHyio saKonoMcpnocTb cnn- 
paneBHflHoro /iBHVKeiiHH no3HaHHJi. KHHra 6e3ycnoBHO OKa'/RXTca n ones iron jsjisi 
cneunanHCTOB b CBeTe OTKpi.iBaioinuxcH nepcneKTHB coBcpincncTBOBannsi h 
COB peMeHHBIX npaKTH'ICCKHX npHJIO)KeHHH 3 . 3 cKTp0.3 HII3MHKH. 

/Jokt. TexH. Hayx 3onoTapeB B.O. 
r. JleHHHrpa/i 
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IIpeaHCJioBHe k KHHre «CoBpeMeHHan 3JieKTpo^HHaMHKa 
h npHHHHbi ee napanoKcajibHOCTH» 

He oy/icM cnopim>, oyncM bbihhcjwtb. .. 
ronujjpud BwibzejibM JIeu6mm 

... H H3MCpHTb 

reHHaduu Bacwibeem HuKOJiaee 

C F cima/incM HnKOJiaeBtiM ji no3HaKOMHJicJi Ha II VIcHCTyiiaporinoH koh- 
(j)epeHUHH no npocipaHCTBy, BpeMemi h raroTeHnio b neTep 6 ypre b ceHTJi 6 pe 
1991 ro/ia, ho HCKOTopbie H3 ero HnTcpccneiiiriHX npenpHHTOB a HHTan hctbcptb 
B eica TOMy nana/i, Kor.na >khji b Boh rap hie 

Bo Bpeivui Kon(|)cpcnnHH mbi npoBOHHJiH 6 onbine BpeMeHH b Moeii KOMHaTe 
b oTene "JleHHHrpan", hcm b sane KoiK|)cpcniiH h. h 6 o 3KcnepHMeHTBi, npoBcncu- 
HblC HM H HCKOTOpUMH HpVTHMH pyCCKHMH (|)H3HKa\IH. O KOTOpMX HlIKOIiaCB 
MHe paccKa iBiBan, 6 burn bo cto pa3 HHTepecHee hcm. noKnanbi Ha koik|)cpciihhh. 

JI1060H CTy,TeilT-(|)H3HK, CTaHKHBaHCB C 3JieKTpOMarHeTH3MOM, 3a\(C'iaCT, 
hto TaM "hto-to He b nopa/iKe". ho non bhhshihcm aBTopHTeTa vhcoiihkob h 
npO(|)CCCOpOB. BCHKHH CTy/ICHT CTapaCTCH JHOOblC npOTHBOpCHHJI H Hecypa3HocTH 
"3aMecTH non KOBep", KaK Bee aBTopti ynconnKOB h Bee npoijieccopa /icnam-i to 
*e caMoe, Korna caMH 6 bijih CTyneHTaMH. Moe "6po>KeHHe" nnunocb HaMHoro 
montnie, h non bjih^hhcm 3aMeHaTeni>Hbix SKcnepHMeHTOB no ojieKTpoMarHHT- 
HOH HIl/iyKHHH Ky6HHCKOrO (|)H3HKa OpailHHCKO VI lOHHCpa H MOHX Co6cTBeHHBIX 
no H3MepeHHio aBconioTHOH CKopoeTH 3cmhh, OTBepraBHiHX npniiHHnBi othoch- 
TeJIBHOCTH H 3KBHBajICIITIIOCTH. JI CTajI B KOIIIIC KOI I HOB 3aKajieHHBIM HK0H0KJI3- 
CTOM. Ho Hy>KHO CKaiaTb, HTO XOTJI JI IICCKOIIBKO pa3 OTKa3BIBajIC3I OT ypaBHeHHJI 
H o p c ii h a - F p a c c m a h a h CHOBa no^tiMaji ero Ha 3H3MeHH, k 1991 ro,Ty sto ypaB- 
HeHne 6 i>ijio mhok) TBcpno npiiHJiTo KaK BepHoe. 

H bot F. HiiKonaeB noKa3aji MHe SKcnepiiMCHTBi, KOTopwc hhkohm o6pa30M 
He Morjin obitb yBniaiibi c ypaBHeHiieM JIopeHpa (hmji F paccMana 6yny onyc- 
KaTB). 31 SyKBajitHO noTcpun coh h noKoii h roBopnn HiiKonacBy: Tenna/iHH, ji 
nocTpoHn Beet "moh" 3JieKTpoMarHeTH3M Ha ypaBHeHHH JlopeHua, ji ycnen ero 
BBiBecm 6e3ynpeHHOH MaTCMaTHHCCKoii jiornKOH H3 ypaBHeHHH KynoHa h Heii- 
MaHa 06 3Hc kt p h' icc k o h h MarHHTHOH anepriuix ruiyx sapiiHOB. a Tenept Tbi no- 
jiBiuiembCJi co cbohmh 3k cncp hm c 11 t a mh, KOTopbic roBopjiT: cue ypaBHeHiie He- 
BepHo! Ta nepecTpoiiKa, KOTopyio iaTCJUiH Bbi b BarneM n a p c t b c - ro c y n a p c tb c, 
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hhhto no cpaBHemno c nepecTpoiiKOH, KOTopyio tbi BbiibiBacnib b sneKTpoMar- 
HeTH3Me. MHe Tpyniio ncpcKpaiiBaTb moh khhth - a CTap, a yroMJieH." HiiKona- 
eB oTBenan: "Mcm paiibinc tbi nepecTpoiimBca, TeM Herne oopcTcirn, cnaceHne. 
He ncpcc'TpoHiriBCH. He cnaceniBca!" H BcpnyBiriHCb b Fpan, a Hanan "nepe- 
CTpanBaTBca". OnaTB CHHTan, onjiTb BBiBopHn cjiopMynBi, cpaBHHBaji c SKcnepn- 
MeHTaMH. nOTOM nOBTOpHH IICKOTOpblC H3 HHKOJiaeBCKHX SKCnepHMeHTOB. 3(f)- 
c|)eKTbi 6 bijih Te nee, KOTopBie HnKonaeB onncan b CBoen MOHorpac|)HH b 1986 
ropy, OTCTyKaHHOH Ha MauiHHKe, KOTopyio oh MHe moociiro nop a pun. 

3Ty MOHorpac|)HK), b ynynmeHHOM bhpc, HHTaTenB pcp>KHT Tencpb b cbohx 
pyxax. 

HTax, ypaBHeHne Jlopcnna «Tpemano no BceM HiBaM». Hnni-mppi'iHccKHn 
MarHHT, KOTopbiil pa3pe3aH nononaM aKcnanBHOH idiockoctbio, h opna H3 nono- 
bhh nepeBepHyTa (MarimTiibic chjibi penaioT pto nepcBcpTBiBaiiHC caMH), C03pa- 
eT b6hh3h hjiockocth pa3pe3a MarHHTHoe none, KOTopoe pcmctbvct Ha tokh 
npoztoubHbiMH CHJiaMH (cornacHO ypaBHeHHio JlopeHua, chubi, c kotopbimh Mar¬ 
HHT aencTByeT Ha tokh, Bcerpa nepneHnHKynapHBi k nocnepmiM). 3 to none 
HnKonaeB Ha3Ban ci-cajinpHbiM MamiiTHbiM noneM , a BBiineonHcaHHBiH MarHHT b 
necTB CHOiipuKa HiiKonaeBa, a Ha3Ban "Ch6hpckhh Kona" (SIBERIAN COLIU - 
paio h ero aHrmiHCKyio TpancKpuniuno. h6o stot MarHHT H3BecTeH ropaapo 
6onBiue b aiirnoHiBi'inoii miTepaType, hcm b pyccKoil). OKa3anocB, iiia'iiiT. hto 
3a pBecra neT cymccTBOBanini 3neKTpoMarHeTH3Ma hchobchcctbo He 3aMerano, 
hto KpoMe MarHHTHoro nona B, KOTopoe 6ypeM Ha3BiB3TB BeKTopHBiM MarmiT- 
hbim noneM, cymecTByeT h CKanapnoe MarHHTHoe none S. Tax hto Ha tokobbih 
sncMCiiT /dr pchctbviot jBe cnnBi, nopenncBCKaH h HHKonaeBCKaa, 
f = t/ or +f nic =IdrxB/c + IdrS/c . 

Ho caMBiil HHTepecHBiH pe3ynBTaT, k KorapoMy bcpct cxanapHoe MarHHTHoe 
none, cnepyiomiiH. Ka>KpBiH 3HaeT, hto npn noMomu Tpex nepBBix nanBiieB npa- 
boh pyKH mo'/Kiio noKa3aTB, hto ecnn KycoK npoBonoKH co ckohb3hihhmh koh- 
TaKTaMH b ero Koimax pBuraTb b nnocKOCTH, nepnenpHKynHpnoH k BeKTopHOMy 
MarHHTHOMy nonio B , b HanpaBneHHH, nepneHpHKynnpHOM k npoBonoKe, to 
HH pyuHpyeTca tok b TaKOM HanpaBneHHH, hto BiaHMonciicTBiic stoto Hiipynn- 
pyeMoro Toxa c noneM B npiiBomiT k TopMo>KeHHio pbhvkciihh npoBonoKH. 3 to 
ecTB H3BecTHBiH 33KOH JleHua, h nepBBiH nneH b BBirne yKa33HHOH (jiopMyne paeT 
ero MaTeMaTHHecKoe ooocnoBannc. Ecnn, opnaKo, npn noMomu TonBKo oniioro 
nanBija npaBoil nnn neBOH pyKH HHTaTenB nonbiTaeTca ycTaHOBHTB, Kypa 6ypeT 
HHpyHHpOBaTBCa TOK B npoBonoKe CO CKOnBiHIHHMH KOHT3KT3MH, KOTopyio OH 
6ypeT pBHraTB no HanpaBnemno npoBonoKH b odnacTH co CKanapHBiM MarHHT- 
hbim noneM S, to, k cbocmv H3VMneHHio , HHTaTenB o6Hapy>KHT, hto HHpyunpye- 
mbih tok He 6yjeT TOPMQ3HTB pBH>KeHHe npoBonoKH, a 6ypeT noMoraTB ee pbh- 
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}KeHHK>. 3T0 M05KH0 Ha3BaTi> a 11THJI C1111 - 3(])(|) C KTOM. H3 yKa3aHHOrO 3(j)cj)eKTa, 
KOToptiii HHTaTent cpa3y *e movkct npoBepiiTB 3KcnepHMeHTanBHo, ecnn y Hero 
non pyKOH MarHHT CHBHPCKHH KOJI3, cnenyeT, hto c tiomoiubio CKajiapnoro 
MarHHTHoro nonsi mtokho CTpoiiTB BeHHBie nBuraTenn . 

/lyMaio, 3Toro xbbtht, htoobi HHTaTenio CTano hciio. HTO cnenan TeHHa- 
nun HnKonaeB b 3JieKTpoMameTH3Me. BBipa3HTB BeKTopHoe ManiHTiioc none B 
Hcpci 3JieKTpnnecKne sapn.TBi q h nx CKopocm v, n pacGTOsmua r, ot tohkh Ha- 
Ojiio/iciihsi ohciib nenco, ecnn BBecm BCKTopiiBiii \ianiHTiiBiii noTeiiHHan A, n6o 

B = rot A = rot ^ q i \ i / cr i . 

i 

Ho Bbipa3HTb S nepe3 ??? oica3ajiocb He Tax JierKO. OopMyny rjw S, koto- 
pyio a npeOT05KHJi - h KOTOpaa no cen #eHb He Bouuia b npOTHBOpenne hh c or - 
HHM H3 H3BeCTHbIX MHe 3KCnepHMeHTOB, TRQ Ha6jHO,ZiaeTC5I npOflOJIbHOe JBH>Ke- 
HHe KyCKa npOBOJIOKH, HUH HH/jyKIJH5I TOKOB npH npO^OJIbHOM £BH>KeHHH KyCKa 
npOBOJiOKH, cne/jyiomafl: 

5 = -div A - ^ (q t V,. • n)(r ; ■ n)/ cr- , 

i 

rne n = dr/dr - c/ihiii-i'iiibih BCKTop no HanpaBnemiio toko no ro TneMeiua /dr. 
Bo3mo>kho, hto 3Ty cjtopMyny HyiacHO 6paTB c K03(|)c|5HUHeHT0M "1/2". Bee H3- 
BecTHtie MHe SKcnepHMeHTBi no npononBHOMy nBiracemiio npoBonoKH, BKJiioHan 
MOH COOCTBCIIIIBIC, 5ffin5HOTC5I KaHCCTBCHHBIMH. H nOKa HTO HajIHHHe HJIH OTCyT- 

cTBne KoscjKjtHnHeHTa "1/2" He ycTaHOBneHo. 

/JO-T/KCII OTMCTHTB. HTO HCpBBIM, KTO IiaOJIIO/iail npO.TOHBIIOC /IBH'/KCIIHC 
KyCKa npOBOJiOKH CO CKOJIB35IIUH\fH KOHTaKTaMH, HB.THCTCH aMepHKaHCKHH HH- 
nceHep Carl Hering b iiananc cto.tcthsi. 3th 3 c|k|)cktbi onucaiibi b ero o63opHon 
CTaTte b aMepnKaHCKOM ncypHane TRANS. AM. INST. EL. ENG., 42,311, 
(1923), KOTopyK) 5i nepenenaTan b MoeM VKypnanc DEUTSCHE PHYSIK, 1(3), 
41,(1992). 

nocncTiiiHC Tpn rona moch 3kc nepn mci mm biio it h TeopeTHHecKOH paooTBi, 
KpoMe ycnjiHH no 3anycKy BeHHoro nBuraTena c MaraHTOM CHBHPCKHH KO- 
JT5I, 6bijih nocB5nneHBi BBiBony BepHoro cjtyHnaMeHTanBHoro ypaBHeHini b sneK- 
TpoMarHeTH3Me, KOTopoe aojdkho 3aMeHHTB HeBepHoe ypariiieiiHC Jlopenna. 
nepBoe ypaBHeHne, Korapoe a npennc»KHn, h b hcctb HiiKonaeBa iiaiBan ypaB- 
HeHHeM HnKonaeBa , y>Ke co,Tcp>Kano CKanapHoe none S b yKa33HHOM BBirne bh- 
ne. 31 nocnan sto ypaBHeHne HnKonaeBy. Oh BBicKaaancJi KpuTHHecKH. npiiHH- 
viasi bo BHHMaHHe yKaiaima "bovk.th". a npcnno'/Kirn HOBoe ypaBHeHne, KOTopoe 
Ha3Ban btopbim ypaBHemreM HnKonaeBa . HiTKonacB c sthm ypaBHeHneM oy.TTO 
6 bi cornacnncn, ho Hanncan MHe b nucBMe, hto ypaBHefflin, KOTopBie a npenna- 
raio, non>Kcii Ha3BiBaTB cbohm HMeHeM. Cxopo a nocTaBHn SKcncpuNiciiTBi (cm. 
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DEUTSCHE PHYSIK, 3 (11), 5 (1994)), KOToptie bxo/ihjth b npoTursopc'iHC h c 
nepBBIM, H CO BTOpBIM ypaBHeHHJIMH HllKOJiaeBa (3TH Ha3BaHHJI a coxpanaio no 
ceil zieHb, h6o pa3 pe6eHOK H33BaH HBaHOM, to Heni>3H, Koryia eMy cTaHeT ro/iHK, 
HanaTt naabiBaTb ero neTpoM). Tor/ia, b koiihc 1993 ropa, a npejpioKHJi HOBoe 
ypaBHeHne, Korapoe Ha3Baji ypaBHemieM MapiiHOBa . 3to 6bijio npeKpacHoe 3Jie- 
raHTHoe ypaBHemie, Korapoe npocToil CHMMeTpn3annen nonynanoct ot ypaBHe- 
hhji Fpaccviaiia, T.e. ot ypaBiieiiHH Jlopcniia, n Tpn ro/ia a Ha stom ypaBneni-in 
CHHTan Bee 3cj)cj)eKTi>i, o6ycnoBneHHi>ie CKanapHtiM MarHHTHbiM noneM S, koto- 
poe jibjmjiocb paBHBiM yKa3aHHOMy Bbime iiiaHcimio, noMHO>KeHHOMy Ha K03c|)- 
4>HHHeHT "1/2". B >KypHane DEUTSCHE PHYSIK HHTaTenb irail/icT TOHHeilmHe 
pac'iCTbi cKajiapHoro MarHHTHoro noun, coapaBacvioro Gcckohchiio jjhhhhbimh 
HHJIHHflpHHeCKHMH H KOJTBHCBBIMH MaTHHTaMH CHEHPCKHH KOJL3, KOTOptie 
flBJIJHOTCJI OCHOBHBIMH 3JieMeHTaMH BC'IIIBIX .TBHraTCJTCH, paOOTaiOIHHX Ha CKa- 
napHOM MarHHTHOM none. 

Ho Mean! iiasap a nocTaBHJi 3KcncpHMCiiTBi. KOTOptie Bxonnnn b npoTHBO- 
pc i iHC c ypaBHeHneM MapuHOBa, h6o sto ypaBHeHne, B/iooaBOK k BeKTopHOMy 
MarHHTHOMy norno B, bbo/ih-to h npyroc BeKTopHoe ManiHTiioe none B mar , koto- 
poe b 3KcnepnMeHTax o6Hapy>KeHo He 6bmo . 

Tax KaK Bonpoc o tom, KaKoe /ion>Kno obitb (|)yir/iaMciiTanBnoc ypaBHeHne b 
3JieKTpoMarHeTH3Me, hb.ihctcm BonpocoM 'ipciBBiHailnoil Ba>KHOCTH, h Tax KaK a 
OKasancsi nccnocooirbiM irailTH sto ypaBHeHne, a o6bjibhji KOHKypc c npH30M b 
100 000 ^onnapoB. 

3tot KOHKypc oy.TCT o6i)HBncn b 6hh3kom oynymcM b aMepuKaHCKOM *yp- 
Hane GALILEAN ELECTRODYNAMICS h b >Kypnanc DEUTSCHE PHYSIK . 

Ycjiobhji KOHKypca cne,nyiomHe: 

il 3annany 100 000 jjonnapoB TOMy Hccne^OBaTenio, KOToptiil npezyiomiT 
(jjopMyny (npaBHJio, cxeMy), c Hteil noMombio bo3mo>kho 6yneT noxiCHHTbiBaTb 
CHny H BpamaTCJTBHBIH MOMeHT (OTHOCHTenbHO npOH3BOntHOH OCH), C KOTOpBIMH 
3aMKHyTBIH KOHTyp C TOKOM /' /ICHCTBVCT Ha ,Tp)TOH 33MKHyTBIH KOHTyp C TOKOM 
/ huh Ha nacTb nocnc/nrcro, CBjnaimyio CKoni>3HiHHMH KOHTaKTaMH c ocTajibHon 
nacTBio. y(ciiBrH 6y/iyT onnaneHti, ecnn a He oyny b goctohhhh /icMoncipupo- 
BaTb SKcnepnMeHT, kotopB ill Bxo/inn obi b npoTHBopenne c 3Toil (|)op\iynoil. Ec- 
jih npcTcnncnT He cornaciiTcn, hto moh "KoiiTpasKcnepHMcnT" annacica cjjajit- 
CHc|)HijHpyFomHM, oh movk'ct npc.TCTaBHTB B03pa>KeHHe h pcnaKTop >KypHana 
GALILEAN ELECTRODYNAMICS non>Kcii iraiiraHHTB komhcchio H3 Tpex 
yHHBepcHTeTCKHX npo(|)cccopoB, KOTopbie ponvKHBi peuiHTb, aBJiaerca nn moh 
SK cnepHMeHT cjjanbCHtjjHUHpyiomHM huh HeT. Ecuh Ooubhihhctbo komhcchh 
B bicKa>KeTcn, hto SKcnepHMeHT He aBJiaerca cjjanbCHfjjHHHpyiomHM, a 3annany 
cyMMy h no 2 000 xionnapoB Ka>KjiOMy H3 hjichob komhcchh. Ecuh, oztHaKO, ko- 
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MHccHa pernuT, hto SKcnepiiMeHT ^BJiaeTCH (jjajiBCHfjjHunpyiomHM, npeTeHzteHT 
He nojiynacT nn'icro, oniiaKo to-T/Kcii 6yrcT jannaTHTB no 2 000 TonnapoB Ka>K- 
TOMy H3 npo<J)eccopoB. 

M npH3i>iBaio Bcex pyccKHX (|)H3 hkob nanpsriB yviBi. 100 000 nonnapoB - 3 to 
noHTH hto HoOeneBCKHH npH3 h oy,TCT npucyvK^cii oh 3a JJEJIO, a He 3a c|)anTac- 
MaropnH. IIpHTOM 3a,TaHKa, KOTopyio a CTaBJiio, KavKXTCH 'ipciBBiHaiino npocTOH. 
Ho 3to tojibko Tax Ka>KeTCii ! llnanc 100 000 TonnapoB H3 Moero KapMaHa a He 

BBITaCKHBajI 6 i>I. 

3 aKan'iHBaa 3 to npeancnoBHe, Mory CKaaaTB tojibko CJiCTyiomcc. Xoth Hh- 
KonaeB ony 6 nHKOBan mhoto CTaTeil b pyccKHX c|}H 3 HHecKHX >KypHajiax, ero hmji 
h ero pcBoaionHoiniBic otkpbithji hbbcctiibi ropas/io Oontrne Ha 3anare ( Mno¬ 
il hio BKJHOHaio b « 3 ana,i») HeM b Pocchh. Bytcm naTCHTBCsi. hto nyonnKaniHi 
3 TOH MOHOrpa(J)HH nOMOJKeT pyCCKHM (J)H 3 HKaM H IIH>KeHepaM- 3 JieKTpHKaM no- 
CKopee noHJiTt, KaKoii cbctoh 6 biji 3 a>K>KeH b Cn 6 npH. 

CTe(})aH MapHHOB 
/iupcKTop HHCTHTyTa no c|) y it ;i a m e i it a n b h o h c|)H3iikc 

r. I pan , ABC i pim 
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BMECTO nPE/IHCJIOBHB 
K KHHre «3jieKTp0flHHaMHKa <|)H3HHeCKOrO 
BaKyyMa» 


«...ecjin nepecMOTpeTb Bonpoc, to Tenepb MoryT 6bitb BbiqBHHyTbi 
coJiH^Hbie coo6paaceHHa b noJib3y nocTyjiHpoBafflM 3<}>Hpa." 

Il./],HpaK Nature,y, 166,1951 

«...to, hto b (J)H3HKe CHHTajiH nycTOTOH, Ha caMOM qejie aBJiaeTCfl He- 
KOTopoii cpeqoH. Ha30BeM jih Mbi ee no CTapnnnoMy 3(J)HpoM" hjih ace 6o- 
Jiee coBpeMeHHbiM cjiobom "BaKyyM", ot stoto cyTb qejia He MeraeTCfl..." 

EjioxnHqeB fl,M. cpHJiococt>CKHe Bonpocw coBpeMeHHOH <J)H3 hkh. - M.: 

Haq.AH CCCP, 1952, c. 393 

«... Teopiia oTHocHTejibHocTH 3HHHiTeHHa ... yace He o6MCH«eT Bcex 
npo6jieM, CB»3aHHbix c 3JieMeHTapHbiMH uacTiiqaMH, h hto HyacHO HCKaTb 
qajibHeiimHX nyTefi...» 

lOicaBa h reii3eH6epr. TKeHeBCKaa MeacqyHapoqHaa KOHiJiepeqqiM, 

1956 r. 

"... IlopoKH coBpeMeHHOH TeopHH (sneMeHTapHbix uacTnq) rayOoKO 
eil qpqcyniH h MoryT 6biTb ncqpaBJieqw numb nyTeM co3qaHHS hoboh 
TeopHH, (J)yHqaMeHTajibHbiM o6pa30M OTJniuaiomeHca ot cynjecTByio- 

men". 

"Bonpocw coBercKoil HayKH". H3q. AH CCCP, M., 1957, CTp. 6. 

"... Ochobbi cymecTByronieH TeopHH HyacqaioTca b peniHTejibHOM ne- 
pecMOTpe...", hto coBpeMeHHaa pejraTHBHCTCKaa KBaHTOBaa MexaHH- 
Ka... cyntecTBeHHO xpoMaeT..." 

Aicaq. Jl.fl. JIaHqay. "npnpoqa", 10. 1958, c. 21,. 

Bonpocw <J)hjioco(J)hh", 12, 1959, c. 155 

«...TpyqHOCTH coBpeMeHHOH TeopeTHuecKofi <Jih3hkh hocat npunqii- 
nuajibHbiH xapaKTep hmchho noTOMy, hto OHa onnpaeTca Ha Teopnio ot- 
HOCHTejIbHOCTH - 3Ty OCHOBHyiO (J)H3HHeCKyiO Teopuro, Hapaqy C KBaHTO- 
BOH MexaHHKOH". 

A.K. MaHeeB. K KpuTHKe TeopHH OTHOCHTejibHOCTH. 1960 
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"B aeficTBHTenbHOCTH apaMaTHHecKoe noJioaceHHe b (J)H3HKe coxpa- 
HHJIOCb H £0 HaiHHX HHeH H HMeHHO nOTOMy, HTO npHHJIJIH peKOMeHfla- 
qiiKt A. 3HHinTeHHa "coBepmeHHO 3a6bm> 06 3<}>Hpe h HHKorqa He yno- 
MHH3Tb O HeM". IImCHHO C 3TOTO MOMeHTa "Teopna (}>H3HHeCKHX aBJICHHH 
npHHyameHa 6 biJia pa3BHBaTbca b CTopoHy HeyMepeHHbix MaTeMaTiiae- 
ckhx a 6 cTpaKHHH, MHorae aBJieHiia CTaaii Ka3aTbca efi "cTpaHHbiMH" h 3 a- 
raqoHHbiMH" h neM qajibine, aeM 6 oJibme b stoh Teopini CTaaii HaKanjni- 
BaTbca HepemeHHbie npo 6 jieMbi" 

JIe6eHeB T.A. O HeKOTopwx HHCKyccHOHHbix Bonpocax coBpeMeHHofi 

<j)H3HKH, 1956r. 

"HeonpeqejieHHbiMH ocTaioTca, b aacTHOCTH, cepbe3HeHiHHe ohih 6 kh, 
CB«3aHHbie C TpaKTOBKOH 3aKOHOMepHOCTeH HBHaceHIM MaTepHajIbHbIX 
o6l.eKTOB C 60JIBHIHMH CKOpOCTaMH. 3Ta o6jiaCTb (J)H3HKH b nocJieqHHe 
qecaTHJieTHa CTaaa ohhoh H3 BaacHeHimix b (}>H3HHecKOH Hayice h hoctht- 
jia 3HaHHTejibHbix ycnexoB. OqHaKO ycneniHOMy pa3BHTHK> TeopHH hbh- 
accHHa c 6oJibHiHMH CKopocTflMH MemaeT pacnpocTpaHeHHaa cpeqn (J)H3H- 
KOB 3HHHITeHHHaHCKaa TpaKTOBKa 3aKOHOMepHOCTeH 6bICTpbIX HBIDKCHHH, 
3HHHITCHHHaHCKOe nOHHMaHHC CyiqeCTBa (J)H3HHeCKOH TeopHH. 

HHTepecw (})H3HHecKOH HayKH HacToaTeabHO Tpe6yiOT ray6oKOH Kpn- 
thkh n pemmejibHoro pa3o6jiaaeHHa Been CHCTeMbi TeopeTHaecKHX 
B3rjMqoB SHHiHTeiiHa h ero nocJieqoBaTejieH SHHinTCHHiiaHHCB, b o6jiac™ 
4>h3hkh, a HenpocTO OTqeJibHbix hx (J)hjioco(J)ckhx BbicKa3biBaHHH. Iiqea- 
JIHCTHHeCKHe B033peeiM SHHHITeilHa H SHHHITCHHaHHeB 3aBOHflT (J»H3HHe- 
CKyro TeopiiK) b 6e3bicxoqHbiH TymiK. Pa3o6jiaqeHHe peaKHHOHHoro shh- 
HiTeHHHaHCTBa b o6aacTH (J)H3HHecKOH HayKH - OHHa H3 HaH6oJiee aKTy- 
aubHbix 3aqaH coBeTCKiix (J)H3hkob h <J)hjioco(J)ob" 

CpHJIOCO(J)CKHe Bonpocbl COBpeMeHHOH (j)H3HKH, II.B. Ky3HeqOB 

(cTp.46), H3 fl. AH CCCP, 1952. 

"Teopua othochtcjibhocth aBJiaeTca CTporo HayaHoil TeopHefi. Ho 
3to BOBce He 03HanaeT, hto OHa BepHa 6e3 Bcaraix orpaHHaeHHH, hto b 
6ynyiqeM OHa He noJDKHa 6yqeT ycTynHTb MecTO KaKOH-TO npyroil, hoboh 
TeopHH, BepHee, OTo6paacaioHieH qeHCTBHTejibHOCTb. Beqb BcaKaa Hayq- 
Haa Teopna cnpaBeqaHBa aurnb b onpeqeaeHHbix rpamiqax, h caMO pa3BH- 
rae HayKH coctoht b CMeHe ohhhx TeopHH qpyrHMH. npn stom, oqHaKO, 
CTapwe TeopHH, KaK npaBHJio, He OTBepraioTca nojiHOCTbio. Mnoroe, a 
HHorqa h Bee H3 hhx coxpaHaeTca. Ho ohh npeBpaiqaioTca aurnb b npe- 
qeabHbiH caynaH hoboh, 6oJiee o6iqeH h 6oJiee coBepmeHHOH TeopHH..." 

KoabMaH 3. JleHHH h HOBenmaa (}>H3HKa, 1961, c. 55 

«... Heo6xoqHM 3HaaHTeabHo 6oaee paqHKajibHbiH nepecMOTp TeopHH 
OTHOCHTeJibHOCTH h KBaHTOBOH TeopHH, npuneM Haqo 6yqeT nonbiTaTbca 
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He Koe-KaK npiicnoco6im> HbiHemHHe TeopHH, npiiHHMaa b hx ocHOBe 
npeqnoJioaceHiia, a KopeHHbiM o6pa30M nepecMOTpeTb hx normecKyio h 
4>HJioco<j>CKyio 6a3y...» 

EepHan ,H,ac. Hayxa b HCTopnn o6mecTBa. - M.: HJL, 1956. 

"Korqa roBopaT 06 SKcnepHMeHTajibHOM noqTBepacqeHHH TeopHH ot- 
HOCHTejIbHOCTH, TO (J)H3HK-MaTepHajIHCT HMeeT B BHqy COBCeM He TO, HTO 
XOTaT npeflCTaBHTb SHHniTeHH H 3HHHITeHHHaHHbI. Bo3bMeM, HanpilMep, 
H3BecTHbiH (J)aKT H3MeHeHHa BpeMeHH pacnaqa qBHacymeroca Me30Ha no 
cpaBHeHHKt co BpeMeHeM pacnaqa noKoameroca Me30Ha. /Jna SHHnrreHHa 
qejio 3aKJiK»HaeTca b tom, hto Ha 6 jnoqaTejib "oTHec" Me30H k qpyroil chc- 
TeMe KOOp^HHaT, B 33BHCHMOCTH OT 3TOTO H BCJieqCTBHe 3TOTO np0H30HIJI0 
H3MeHCHHe CKopocTH pacnaqa Me30Ha. 

<I>H3HK-MaTepHajiHCT noHHMaeT 3tot c[>aKT coBceM no-HHOMy. BpeMa 
pacnaqa Me30Ha CTaao hhbim noTOMy, hto qBHacynjHHca Me30H - sto Me- 
30H, cymecTByiomHH b qpyrnx ycaoBiiax, b qpyrnx CBa3ax h OTHomeHnax 
k OKpyacatomiiM ero MaTepnajibHbiM TeaaM. IlosTOMy y Hero h qpyraa 
pHTMHKa npoqeccoB, nosTOMy h BpeMa pacnaqa y Hero qpyroe». 

Ky3HeqoB II.B., TepjicqKHH H.II. ®iraoco(J)CKHe Bonpocw coBpeMeq- 
qoil (J)H3HKH. - M.: II3q- bo AH CCCP, 1952. -C. 71. 

"Ecjni 6 bi aBaeqqe CaqbaKa 6 bijio OTKpbiTO paqbrne, neM Bbiacqujincb 
qyaeBbie pe3yjibTaTbi oobitob BToporo nopaqKa, oho, kohchho, paccMaT- 
puBaaocb 6 bi KaK 6 jiecTaniee SKcnepHMeHTajibHoe qoKa3aTeJibCTBO Hajin- 
nua 3(J)Hpa... Ha Bonpoc o tom, yBJieKaeTca jih 3(J)Hp 3eMJieH b qeaoM hjih 
HeT, onbiT CaHbaKa He pa3pemaeT. ... TKenaTeneH 6 biJi enie oqiiH ohht 
nepBoro nopaqKa c 3eMJieH b qenoM b KanecTBe Bpaniaronieroca TeJia". 

Axaq. C.II. BaBiuioB. Co6p. con., t. IV, 1954, c. 60 

Korqa 6 biji npoBeqeH h TaKoil onTnaecKHH onbiT... - "... TaraiM o 6 pa- 
30M, :nepeq HaMH CHOBa noJioaaiTejibHbiH 3(J)(J)eKT, caM no ce 6 e c nopa3H- 
TejibHOH TOHHOCTbio noqTBepacqaionqiH npeqnoJioaceHHe o He yBJieKae- 
mom 3(J)Hpe, OTCTaionqiM npn cyTOHHOM BpaniCHHH 3eMJin". 

Axaq. C.II. BaBiuioB. Co6p. con., t. IV, 1954, c. 60 

«... b CBa3H c sthm B03HHKaeT Bonpoc, noneMy ace qo chx nop hhkto 
He o6HapyacHJi "3(J)HpHoro BeTpa", ecjiH, KaK Tenepb qoKa3aHO, MHpoBaa 
cpeqa cymecTByeT? 

B 3tom h 3aKJiK»qaeTca HeqocTaTOK coBpeMeHHOH TeopHH, hto npn ee 
pa3pa6oTKe npuHHMajiHCb bo BHHManne tojibko Te onbiTbi, KOTopwe noq- 
TBepacqajiH Te3HC A.SHHnrreHHa, hto "3(J)Hpa" HeT. Te ace onbiTbi, koto- 
pwe aBHO yKa3biBaK»T Ha cyniecTBOBaHHe 3(J)HpHoro BeTpa" (onbiT CaHba¬ 
Ka, noraHH, MaHKejibcoHa-Tejia) nonra 3a6biTbi, TaK KaK hx onucaHne 
BCTpenaeTca tojikko b OTqeJibHbix MOHorpa<J)Hax. 
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Meacqy TeM Ha3BaHHbie ontiTH, ecjiH noaoimi k hum o6beKTHBHO, na- 
JieKO BblXOqaT 3a paMKH Tex CKpOMHBIX B03M05KH0CTeH, KOTOpbie OTBeqe- 
Hbl HM B COBpeMeHHOH (J)H3HKe... 

IlTaK, coBpeMeHHaa cJ)H3HKa BecbMa oqHo6oKO Hcnoab3yeT HMeionqiH- 
ca 3KcnepiiMeHTajibHbiH MaTepnaa, OTqaBaa HeyMepeHHoe npeanoHTeHiie 
tojibko TeM onbiTaM, KOTopwe flOKa3WBaeT "oTcyTCTBue scjaipa". C.II. Ba- 
BiraoB acHO BHqea bcio caoacHOCTb h npoTHBopeanBOCTb stoto Bonpoca, 
nosTOMy oh yKa3biBaa, hto: "IIpaBHabHee 6biao 6 bi Boo6me roaaraTb Teo- 
piiKt OTHOCHTeabHOCTH, ee SKcnepHMeHTajibHbie ochobbi 6e3 BcaKoro ot- 
HomeHiia, KaK MiipHoro, Tax h Bpa»cae6Horo b rnnoTe3e scJiHpa" 

Axaa. C.II. BaBiraoB. Co6p. con., t. IV, 1954, c. 60 

... Cemac hhbimh onbiTaMH (onbiT Jl3M6a) ycTaHOBaeHO, hto MHpoBaa 
cpeqa - sto BnoaHe o6T>eKTHBHaa h omyraMaa peaabHOCTb. IIosTOMy skc- 
nepuMeHTbi MaiiKeabcoHa-Mopaea no cymecTBy noTepaan CBoe onpeae- 
jiaromee 3HaaeHHe. Ohh npeacTaBaaioT co 6 oh hhcto TeoperaaecKyio 3a- 
raaKy: noaeMy npn HajiHHHH cpeaw sth onbiTbi (h hm noao6Hbie) He 06- 
HapyacHBaeT "3(J>HpHoro BeTpa"?". 

IIpocJ). T.A. JIe6eaeB. b kh. A. MaHeeBa "K kphthkc 
o6ocHOBaHna Teopnn OTHocHTeabHocTH", 1960. 

"CaeayeT OTMeTHTb, hto mhothx HccaeaoBaTeaefi TpeBoacHT B03Bpa- 
meHHe k "npoHaeHHOMy 3Tany", T.e. k npmHaHiiio 6oabmoH poan Miipo- 
boh cpeati b cooTBeTCTBytomux MHKpoaBaeHHax... B aencTBHTeabHOCTH, 
Hayxa He nocTpaaaer ot toto, hto 6yaeT, HaKOHeq, BoccTaHOBaeHa hcth- 
Ha. Hao6opoT, BMecTe c aaabHeiiniHM pa3BHTHCM Haninx 3HaHHH, Heco- 
MHeHHO, yaacTca BbiacHHTb h Ty npHHHHy, KOTopaa coaeiicTBOBaaa ycne- 
xy Teopnn A. OHHniTeiiHa (HecMOTpa Ha ee ochobhoh onfflSoaHbni Te- 
3HC)". 

IIpocJ). T.A. JIe6eaeB. b kh. A. MaHeeBa "K KpiiTHKe 
o6ocHOBaHna Teopnn oTHocHTeabHocTH", 1960. 

«B hx C03H3HHH Ha3BaHHaa cpeaa noaeMy-TO accoqimpyeTca c npeac- 
hhmh qpeacTaBacHnaMH o HeKOTopofi rpy6oii MexaHiiaecKOH cy6cTaHqnn. 
Ohh noaaraioT, hto nepecTpoiiKa TeopHH MiiKpoaBacHiiii Ha 6a3e cyniecT- 
BOBaHna MHpoBofi cpeaw yHHaToacHT nan no KpaiiHeH Mepe yMeHbniHT Te 
noaoacHTeabHbie BbiBoaw h npeqcKa3aHHa, KOTopwe 6bian caeaaHbi, hc- 
xoaa H3 TeopHH A. OHHnrreHHa". 

IIpocJ). T.A. JleOeqeB. b kh. A. MaHeeBa "K KpiiTHKe 
oOocHOBaHna Teopnn OTHocHTeabHocTH", 1960. 

«...Mo)kho HMeTb yBepeHHOCTb, hto aoaacHbiii yaeT mhpoboh cpeaw b 
npoTeKaHHH cooTBeTCTByionaix MHKponpoqeccoB noMoaceT anKBuqHpo- 
BaTb TaKHe MaaoBepoaTHbie oco6eHHOCTH "hoboh cJ)H3hkh", k3khmh aBaa- 
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eTca, HanpiiMep, "nacTqqa - BOJina", "ajieKTpoq - TOHKa", pacnpocTpane- 
HHe CBeTa b "BaKyyMe" KaK npeqeJibqaa CKopocTb b npnpoqe h np. 

C qpyron CTopoHBi, nepeq Teopnen qoJBKBbi oTKpwTbca h Tanne bo3- 
mtokhocth (npHHHMafl bo BHHMaHHe B3aHMoqeiicTBHe cpeqbi c qBnacynqi- 
mhc« b Hefi qacTiiqaMn), KaK (J)M3qqecKoe qcTOJiKOBaqqe 3aBHcqMOCTH 
Maccw ot CKopocTM, o6b»CBeqne B3aqMOCB»3n sneprnn h Maccw, no- 
CTpoeqqe KJiaccqc(>qKaqqq "sjieMeBTapqwx" qacTnq qa boboii ocqoBe h 

np-"- 

npoij). T.A. JIe6eqeB. b Kn. A. ManeeBa "K KpnTnKe 
o6ocnoBaqqa Teopnn OTnocMTejibnocTn", 1960. 

"... Mbi MOflceM npeqcTaBMTb ce6e Mqp nponq3aqqbiM q3JiyqeqqeM, ko- 
Topoe ne TOJibKO ycTanaBJiMBaeT MaTepnaubnyio cbsbb Meacqy BceMM Te- 
jiaMH, no o6pa3yeT CBoeo6pa3Bwq sjieKTpoMarqqTBbiq 4 >ob...", hto 
« 3jieKTpoMarBBTBoe M3Jiyqeqqe npeqcTaBJiaeT CBoero poqa yqqBepcanb- 
qyio cpeqy, b KOTopoil qBqacyTca Tena". 

AjieKcanqpoB A.,H,. OnjiococjicKoe coqepacaqqe q 3naneqqe 
Teopqq oTnocMTejibnocTM, 1959, c.20. 

“KeM6pqq5KCKBB ynenwq cD. X3MJI no noBoqy npoTOBBoq CMepTM 
Bcejieqqoq peniMTejibno OTBepraeT bo3mtokboctb "TBopenna M3 qqnero" h 
yTBepacqaer, hto "penb qqer, no Been BepoaTnocTB, o ne M3yqeBBOM enie 
MaTepnajibBOM none, M3 Jiona KOToporo b Me5K3Be3qnoM npocTpancTBe 
npoMcxoqMT OTnonKOBbiBaqqe npoTonoB". 

JIbbob Bji. 3aMeTKB o nayKe b acypnane "HeBa", 1, 1963. 

"KpqTBKyn o6me(J)BJioco(J)CKMe qqeajiqcTqnecKqe BbicKa3biBaqqa 
3qqmTeHBa, neKOTopwe roBopaT o Beo6xoqMMOCTM coxpaneqqa Teopqq 
OTBOcqTejibqocTq SqqniTeqqa KaK "(J>q3qqecKoq Teopqq". H 3 CKa3aqqoro 
Bbime cneqyeT, hto TaKoil noqxoq k sqqmTeqqoBCKoq Teopqq otbocb- 
TenbBOCTq qenpaBqjieq. Bo-nepBbix, o6nie(J)qjioco(J)CKqe nojioaceqqa, 
npoB03rjiamaeMbie SqqniTeqqoM, ne aBJiaioTca qa caMOM qejie bokbm 
BncmBBM "npnBecKOM" k ero Teopqq, Bcero Jiqnib "qenpaBOMepqbiM bbi- 
BoqoM q3 nee", a BxoqaT b nee, cyniecTBenno onpeqeJiaioT caMo ee co- 
qepacaqqe. CaMq no ce6e ypaBneqqa, (}>qrypqpyionqie b stob Teopqq, ne 
cocTaBJisioT «(J)q3qnecKoq Teopqq», MaTepnaJincTHMecKoe ace qcTOJiKOBa- 
qqe 3aKOBOMepnocTeq 6bicTpbix qBqaccqqq ecTb b qeqcTBqTejibnocTq ot- 
Ka3 ot Teopqq OTBOcqTejibqocTq SqqniTeqqa KaK ot (J)q3qnecKoq Teopqq 
q pa3BqTqe npqqqqnqajibqo qnoq no CBoeil cyTn (J>q3qqecKoq Teopqq. 
Bo-BTopbix, CTpeMJienqe "noqnpaBJiaTb" sqqmTeqqoBCKyio Teopqro otbo- 
cqTenbBOCTq "qqqqTb" qjiq "naTaTb" ee, 3anyTbiBaeT (J)aKTqnecKoe bojio- 
aceqqe qeji b stoH o6nacTq (J>q3qKq. Obo nenpaBnnbBO opneBTnpyeT yne- 
bbix, cqnMaeT c 4>q3nKOB 3aqany BcecTopoqqen pa3pa6oTKn ocbob qeilcT- 
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BHTejibHO HayHHOH h nocneflOBaTejibHOH Teopqq ubidkchim c 6oJibmofi 
CKopocTbK), ocHOBaHHOH Ha npunqiinax qqajieKTHHecKoro MaTepqajiH3Ma, 
aqeKBaTHO Bbipaacatoiqeq cyiqHocTb yace no3HaHHbix 3aKOHOMepHOCTeq h 
OTK pbiBaromeH nyni qua pacKpbmia hobbix «3aKOHOMepHOCTeq»". 

Ky3HeqoB II.B., TepjieqKHH H.II. ®qjioco(J)CKHe Boqpocbi coBpeMeH- 
qoq (J)H3HKH. - M.: Il3q-BO AH CCCP, 1952. - C. 71. 

«Cpeqq 3apy6e5KHbix yneHbix, BKjqoHHBinqxca b qqcKyccqq qo bo- 
qpocaM Teopqq OTHOCHTejibHOCTH, cJieqyeT Ha3BaTb B.Tohhhh (IlTajiHa), 
K.Caqepa (ABCTpqa), H. rH3e, A.H,ifflqcqa (Eepjiqq), .rojuiqqra (Iiqqo- 
He3Ha), U,.EcHeqqKca (IIlBequa), n.MyHa, ,H,.E. Cqeqcopa (CIHA), 
A.Bcqqeaa (<J?Pr), C.MopoxoBHHa (lOrocaaBHa). 3 th aBTopw, b Toil hjih 
hhoh (J)opMe, BbicTyqaioT qpoTHB Teopqq OTHOCHTejibHOCTH, OTpqqaa ee 
jih6o nojiHOCTbio, jih6o nacTHHHO. Hx CTaTbH noMeiqeHM b c6opqiiKe, 
BbimeqmeM b Abctphh b 1958 r.» 

Bonpocw c(>HJiococf>HH, t. II, 1959. 


OCMbICJIE HH E CHTYAUHH B HAYKE 

H HAHAJIbHblE BblBO^bl 


Eiqe 6 onee noJiyncKa TOMy qaaaq MHorae BiiqHbie ynenbic b pa'nn'nibix 06 - 
jiacTax HayKH h tcxhukh cTOJiKHyjiHCb c ccpBcuiBiMH TpyqqocTaMH a nayniiBiMH 
npo 6 neMaMH b (Jihuoco^ckom h c[)H3HHecKOM ocMbicnuBaHna OKpyiKaiomeH Hac 
oOi.ckthbiioh q c ii ct b htcti b n o c t h . Korapbie ocTajincb He pa3pemeHHbiMH BnnoTb 
qo HacToaiqero BpeMeHii. H 3 npuBcqciniBix Bbime BBicKaiBiBannii Bnqno, hto 
ccpbcinaa KpHiiicnaa cuTyaqua b coBpeMeHHOH (|)yiiqaMcnTaiiBnoH (|)H3 hkc qcil- 
CTBHTeJiBHO c v m c c t b o b an a y>Ke qaBHO h npoqo.T/R'acT ocTaBaTBca TaKoil npaKTH- 
necKH b HeH3MeHHOM bh.tc h b nacToaiucc Bpcvia. FIpuHCM qaHHaa KpHiHCnaa 
cuTyaqua b coBpeMeHHOH (|)H3 hkc oxasaqacB HacTOJiBKO ccpBcaiioil [1-25], 
hto roBopuTb 06 orpaHHHeHHOCTH KaKoil-HHOo OTqenbHOH o 6 nacTH HayKH, 6e3 
o 6 iqeH ohchkh cJio>KHBHieHca k nacToamcMV BpeMeHH napaqoKcajibHOH ciiTya- 
UHH B eCTeCB03H3HHH B 006 iqe, OKaiBIBaCTCH y>Ke npaKTHHCCKH HeB03M0)KH0, TaK 
KaK cpa3y *e iapo'/KqaioTca onpeqeacnnbic noqo3penna o npaBOMOHHOCTH jiio- 
6 BIX nOqOOIIBIX KpHTHHCCKHX BbICKa3bIBaHHH CO CTOpOIlBI apbix CTOpOHHIIKOB 
HCibioacMOCTH ochob coBpeMeHHOH yvKC ycToaBuieHca HayKH. A o tom, hto Ta- 
KHe CTOpOHHHKH .TCHCTBUTCHBIIO OBIJIH KaK pailBIIIC, TaK H B IiaCTOHinCC BpCMH, 
CBHqeTeJiBCTByioT caMH npuBcqciniBic Bbime BBicKaiBiBaqqa. IlcxoqiiBic ocHOBa- 
HHa (])H3HKH, KJiaCCHHeCKOH MeXaHHKH, KJiaCCHHeCKOH H peHaTHBHCTCKOH 3JICK- 
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TpoziHHaMHKH 3aKJia/(biBai[HCi> eme b ccpc.BHiie XIX h iianane XX BeKa, a b nep- 
boh nonoBHHe XX BeKa c'lHTa.BHCB y>Ke KaK iic'iBiO-BCMaH ocHOBa Been coBpe¬ 
MeHHOH (f)H3HKH. IIoSTOMy, 3a CTOJTb /(HHTeUbHOe BpeMJI cy mccTBOBaimsi B co¬ 
BpeMeHHOH (|)H3HKC yCTOJIBHIHXCJI KOIlCCpBaTHBIIBIX npCHCTaB.BCIIMH. Sip BIX CTO- 
pOHHHKOB yKOpCIlHBHIHXCH npCBCTaB-BCIlHH B f|)H3HKH OBI-BO npCBOCTaTO'IIlO. 

BnonHe ecTecTBeHHo, hto b no.aoonoii .aaBiio c-bo'/Kubiiichoi b coBpeMeH- 
HOH (|)H3HKC npOTHBOpCHHBOH H napa^OKCajIBHOH CHTyailHH, pCIIIHTBCH KaKOMy- 
jih6o aBTopy Ha to, htoobi no.TBcpraTB KaKOMy-mioo coMHemiio yace vctohb- 
rnneca h yKopeHUBimiecfl npeacTaBJieHHJi huh, eme 6onee Bbi3biBaiome npezma- 
raTB 'ito-jthoo pa/iHKajiBiio HOBoe B3aMeH xoporno H3BeCTHOrO, H TeM CaMBIM, 
nocaraTb Ha ochobbi cymecTByiomeH coBpeMeHHOH <J)H3hkh, 6bijio hckjiiohh- 
TeJiBHO Tpy.aiio. TaKOMy aBTopy iicooxobhmo 6 mjio jih6o o'iciib yac mhoto biuitb 
060 Bcex TpyoiiocTax h npo6neMax b pa3JiHHHMX o6nacrax c|)H3hkh, b kotopbix 
o6Hapy>KHBaioTCJi napa.aoKca.BBiiBic npoo.BCMBi h paaiiBic TynnKOBBie CHTyailHH 
(T.e. OBITB xoporno OCBCBOM-BCIIIIBIM H yBCpCIHIBIM B CBOHX 3HaHHJIX B 3THX 06- 
jiacTax hjih obitb KaKHM-TO o.aapciniBiM reHHeM), jih6o Boo6me iiiTicro He biuitb 
H OBITB npOCTO npO(|)aiIOM KaK B 3THX, TaK H BO BCeX opyri-ix OOJiaCTJIX 3H3HHH. B 
nOC-BC.BIICM C-By'iae TBOp'ICCKafl .BCHTCJIBHOCTB aBTOpa BOo6me He OrpailH'IHBaCT- 
CJI KaKHMH-HH6o paMKBMH H yCTOJIBHIHMHCJI KaHOHaMH. B HCK.BIO'IHTC-BBIIBIX 
cnyHaax hmchho tbkhmh aBTopaMH, npn ycnoBHH HajiHHHa y hhx, KOHeHHO ace, 
eme KaKHX-TO BHyTpeHHHX npupo.aiiBix iaqaTKOB. mior/ia cnynaHHO naxo.THTCH 
TaKHe opHTHHanbHBie pemeHiM npo6neMH, KOTopbie HeMHCJiHMH nim ino6oro 
yneHoro npocjieccHOHajia, TaK KaK ero co3HaHHe H3HaHani>HO Bcer^a yace 3aBe- 
HOMO orpaiiH'iciio paMKaMH ycToaBimixca npcHCTaB.BCimii. Bbihth ace 3a paMKH 
yKopeHHBniHxca n pe.TCTaB-Bc 11h ii b peajiBHOH ,bc ii ct b h t c.b b 11 o c t h cnocooiiBi yia- 
neKO He Bee naace npn eonyTCByiomHX 6-BaronpnBTiiBix TBop'iccKHX cnoco6HO- 
CTJIX. JSflfl 3TOTO IICOOXOBHMO eme HMCTB .HOCTaTO'IIlO OO-BBIIiyiO CMC-BOCTB h 
ynOpCTBO B OTCTaHBaHHH IIOBBIX H.BCH B HayKe, BOnpeKH BCeM yCTOflBHIHMGfl 
aBTopHTeTaM, hto -BOCTHraeTCH cnocoonocTBio KaK o6me<|)Hi[oco(|)CKoro, TaK h 
o6mecj)H3HHecKoro nornnecKoro mbiiilbciihb. a TaioKe cibocooiioctbio hhcto aHa- 

JIHTHHeCKHX H MaTeMaTHHeCKHX ,BOKa3aTC-BBCTB. 

3a .B-BHTCJTBHBIH HCTOpHHeCKHH IBCpHO/I Iiay'IIlBIX paiMBIIILBCIlHH O Hepe- 
meHHBix eme b HayKe npo6neMax, nonBiTOK hoboto ocMMCnemia h ooooiiiciihsi 
H3BeCTBIX ([jaKTOB B nOHCKaX HCTHHBI, OTpOMHOe KOJIHHeCTBO 3BT0p0B, B TOM 
HHCJie H BCCBMa BH.BIIBIX. BOnpeKH yCTOJIBHIUMCJI IiayiHBIM KaHOHaM, y>Ke npe.a- 
npHHHMajiH nonbiTKH pa3Hbix nonxonoB k aHanH3y He ynoBJieTBopHTenbHOH 
CHTyailHH B COBpeMeHHOH (jlHBHKC. 06 3T0M KaK pa3 H C B H.B C TC JT B C TB y IO T npHBe- 
qCIHIBIC BBIIIIC BBICKaiBIBailHH MHOTHX BH.BIIBIX y'ICHBIX, MIlOrO'IHC-BCIlIlBIC 133/13- 
HHJI KHHT, MOHOrpa(J)HH pa3HbIX aBTOpOB H ny6nHKaUHH B HayHHbIX H B nony- 
jiapHHX acypHanax. 
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ABTopa naimoii khhth - sto 6biho KaK pa3 non BeKa TOMy naian - c /iCTCTrsa 
H3Hanani>HO cy,ii> 6 a narpanuna, KaK n MHorux npynix b TaKOM B03pacTe, BToptiM 
"napovi", T.e. OTcyrcTBiieM KaKiix-nnoo 3HamiH o npo 6 neMax coBpeMeHHOH (|m- 
3hkh, TaK KaK no B03pacTy, ecTecTBeHHO, ji nn'icro cine Torna toukom He 3 nan 
hh o HayKax, hh 06 OKpyvKaiomcn npuponc, hh o ce 6 e Boo 6 me, TaK KaK MHe 6bi- 
no Torna Bcero nnuiB 8-10 neT. TeM He MeHee, caMa cyntSa h KaKHe-TO CTpaH- 
Htie ecTecTBeHHBie o 6 c t o h t cn a c t b a (rne to c 6-th neT moh otcib ocTaBiin Harny 
CeMBK) H MBI )KHJIH OTUIH C MaTepBIO, KOTOpaH Obl-ia ,13-30K3 OT HayKIl) CTanH 
npilHHHOH Onpeie-lHBIlIcii MOH )KH3HeHHBIH HHTepee K OKpy>KaK)meH (|>H3HHe- 
ckoh npupone. 

Yhhjicji ji b pnnoBon cpenHen HiKone r. JleHiiHCKa, AHni«KaHCKOH oOnacra, 
Y36eKCKOH CCP. C 4-ro KJiacca moooisb k viaTCMaTHKC, ono-iornn. mcihiihiic h 
3aTeM K (|)H3HKC, aCTpOHOMHH H K eCTeCTBeHHBIM HayKaM B 006 me, npHBHJia MHe 
cnanana ynuTenbimna no MaTeMaTHKe /T,a\iMcp HpMa MKOisncisna (HeMKa no Ha- 
HHOHajitHOCTH, no npofjieccHH OHa eme h Bpan, TaK KaK noMa y Hee pacnonaran- 
cji MCiHiinncKnii incnanccp co BceM mcihuhiickhm ooopyiOBanncM), a no3>Ke h 
MOH OHCHb TajiaHTJIHBBIH yil-ITC-lb no (|)H3HKC Hoi! Mk'OB ApKanbCBHH. Ho eCIIH 
6bitb oobckthbiibim. to eme paHee b MoeM /ictctbc 6bihh, mo>kho TaK cKa3aTb, 
KaKHe-TO cnynaHHBie CTpaHHbie oocTOsnenbCTisa h coobithsi (6biji Tor/ia ynciiH- 
KOM, B03M0)KH0, 2-3 KJiaCCa), KOTOptie nOpOUHHIIH MeHJI HMeHHO c npuponon 
3JieKTpoMarHeTH3Ma, Korna mo si viaTB yciponna MeHJi no 3H3KOMCTBy noMomHH- 
kom KHHOMexaHHKa b neTHeM KHHOTeaTpe ropoiCKoro napKa. KiiHoannapaTypa 
pacnonaranacB non otkpbitom iicoom h nocne ManeHBKoro hovkmji h Moeii no- 
nbiTKH OTpBiTB KpbiiHKy KHHoannapaTa, MeHJi ynapnno sneKTpiiHecKHM tokom 
CTO-ib CH-ibno, hto si 6biji OTOpomen ot KHHoannapaTa Donee hcm Ha ,ina MCTpa. 
3to nepBoe Moe 3H3komctbo c npnponon sneRTpiinecTBa ocTanocb y MeHJi b na- 
MJITH Ha BCK) 5KH3HB H B03M0)KH0 nOHCOiliaTenbllO "niODOBb" K SnCKTpn'ICCTBy y 
MeHJi y*e c caMoro ncTCTisa 6biJia 3ano>KeHa sthmh CTpaHHbiMH oocTonTcnbCT- 
BaMH. IIoHJin, hto c sneKTpn'iccTBOM na,io Bccpra 6biTb Ha «BLI». 

Ho ecnn 6bitb eme 6onee o6b6kthbhbim, c noinnnii xoporno inaKOMoii MHe 
b HacTOJimee BpeMJi npooncvibi anoManinibix nuncnnii h HJIO, to cncnonano 6bi 
ynoMJiHyTb h eme BectMa CTpaHHBiH anoManinibiii cnynaii b Moeii >kh3hh (6bmo 
MH e Topi a HaBepHO neT 6-7), Korn a mbi VKnnn eme c MaTepBio h othom b t. Mnni- 
K)ne non TauiKeHTOM. Cnynaiino si copBancn c nepeBa c bbicotbi 6onee 5 MeT- 
poB, ynaB Ha 3eMnio cnnnoii (no6nH30CTH He 6Bino hhkoto). nocne nancnnsi Ha 
3eMnio ji Bnpyr yismcn, KaK b npocTpaHCTBe Hano mhoh h jibho 'iyTb hidkc BeraK 
nepeBa nponnBiBana KaKan-TO yiopncTasi npoipannan ceTKa c si'iCHKaMH oBanB- 
hoh (|)op\tbi pa3MepoM c 6onBiuyio nbinio. 3to nisncnnc nopa3Hno MeHJi CBoeii 
CTpaHHOCTBio h HacTOHBKO npiiBneicno Moe BHHMaHHe, hto ji nonro ocTanancsi 
6e3 nBH>KeHHJi Ha craiHe. Miincnnc 6Bino CTonB Heo6BiHHBiM nnn Menu, hto oho 
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TaioKe 3anoMHHnocb MHe Ha bcio >kh3hb. C'KopocTb roproOHTanbHoro nepeMe- 
meHini ceTKH (cnpaBa HaneBO othochtgjibho MeHJi) 6 biJia He 6 onbHioH, epaBHH- 
Ma a co CKopocTBio nemcxo/ia. Bo3mo>kho sto CTpaHHoe 3pennme otbjickjio mciiji 
ot CKOBaBmen chjibhoh 60:111 h vdjicpACd.no mchji ot nonbiTOK cpa3y >Ke npunoH- 

HJITbCJI C 3CMJTH. HcpCi HeCKOJIBKO MHHyT, KOITia HCHC3HO BH/1CIIHG 3TOH CTpaH- 
hoh npoipaHiioii ceTKH, a cMor 6e3 Tpy/ia caMOCTOJiTeiibHO BCTaTb c scmjth. BbiJia 
jih 3Ta CTpaimaa .iBH'/Kymaa npospa'inaa ceTKa Ha c|)OHe seneirux bctok /icpcBa 
peajibHOH huh HeT, ocTacTca Rim MeiM saraqKoii BiuioTb ho nacTOJiincro BpeMe- 
hh. Ccii'iac to a noHHMaio, hto sto hb^ciihc motjio 6biTb CBjnano npocTO c Ka- 
khmh-to npoiicccaviH b ccTHaTKC mohx rna3 nocne pe3KOH bctphckh ronoBbi npn 
yuape, ho no'icviy 3Ta ceTKa bo bccm bh.thmom mhoh npocTpaHCTBe HMena paB- 
HOMepHoe HanpaBneHHoe .tbhvkciihc h ocTaBanacb CTporo ropH30HTanbHOH, oc- 
TaeTca HenoHJiTHbiM. H 3 HMeiomerocji y aBTopa b nacToamcc BpeMJi orpoMHoro 
o6beMa nii(|)op Mamin no aHOMajibHOH TeMaTHKe, cxovKaa y3opncTaji npoipa'inajt 
ceTKa, cocTaBneHHaa H3 npaBHJibHbix MHoroyroJibHHKOB, (HaSmo^anacb nozi 
HaBecoM BHHorpaxiHHKa), ynoMiiHaeTCH, HanpHMep, npn onucaHHH co6bithh 
1989 r. Ha KaBKa3e, CBjnainibix c 3JieMeHTaMii neBiiTaiinii h c|)H3hhcckhm bo3- 
TieHCTBHeM 3toh ceTKH Ha iiiecTiiaqnaTH3CTnioio yticiiHiiy CIITY b6jih3h ot Ha- 
omo/iacMoro HJIO. 

Ho 0C03H3HH0 HHTepeC K MaTeMaTHKe H eCTCCTBCHHblM HayKaM OTHOCHTCJI 
k ncpno/iy Moero 6hh3koto 3H3KOMCTBa c yHiiTC-iBiimicii MaTeMaTHKH, Koryia ji 
ynnncji b cpcTUicii niKone r. JleHHHCKa. Homhio, KaK a 6 biJi nopa>KeH BnepBbie 
yBH/ieHHbIM MHKpOMHpOM nOTI IiaCTOSHUHM MH.THIIHIICKHM MHKpOCKOnOM, nOKa- 
33HHbIM CH B CBOCH MC.THHHIICKOH JiaSopaTOpilH. OTHOHieHHe KO MHe CO CTOpO- 
Hbi yHHTenbHHHbi no MaTeMaTHKe 6 biJio oneHb ,no 6 po)KenaTe:ibHoe h ji nacTO 
tocthji y Hee qovta. OHa iico/inoKpaTiio BbicKa3biBana CBoe mhchhc o Moeii 
OonBirioH mo6o3HaTenbHOCTH h oco6oh o/iapcimocTii h npc.TCKajBiBaiia Sonbinoe 
6 yaymee. 

Moe yBJTCHcnne m a tcm a thk oii h (|)H3hkoh b HananbHbiH nepnoyi 6biJio CTOJib 
6ypHbiM, hto y>Ke c 8-ro KJiacca yHHTenbHima no MaTeMaTHKe (cTapninx KJiac- 
cob) h yHHTenb no (j)H3HKe (oh >Ke ztnpeKTop niKOJibi) ofjjHHHajibHO ocboBozihuh 
M eHJI OT 33HJITHH Ha ypOKaX MaTeMaTHKH H (|)H3HKH. KoHeHHO, yXOflHTb C ypOKOB 
MHe He pa3peiuaiiH, HTo6bi He HapymaTb o6myio TUicmimnny b KJiacce h b uiko- 
jie. Ho MHe 6biJio pa3peiueHO Ha sthx ypoKax ch/ictb oT/ienbno Ha nociic/iiicii 
napTe h iaiiHMaTbcsi no co6cTBeHHOH nporpaMMe BceM, hcm ji iaxo'iy. TaK KaK 
Ha 3THX ypoKax JI 6bIJI OCBOOO'/K/ICII OT IICOOXO.THMOCTH TOTOBHTbCJI K ypOKaM H 
OTBCiaTB no HOMaimiHM iapaiiHHM, to Ha sth ypoKH MHe pa3peiuanocb npiiHO- 
CHTb hioobic HHTepecytomiie mchji khhth no pa3HbiM pas/ienaM HayKH, TaKHM 
KaK (J)H3HKa, finepuafl (|)H3HKa, aCTpOHOMHJI, pa/tHO(J)H3HKa, 3JieKTpOHHKa, 6 hoho- 
thh, MeziHHHHa, (jjHnocoijjHJi, nciixononni h, b tom niicne, TpaKTaTbi no zinaneK- 
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THKe, MaTepnajiH3My h 3 \i n ii p ii o k p iit ii i umiy h T.3., KOToptie n hiitciichbiio no- 
raoman h H3yHan Hcno:iB3y5i HiKOJiBHoe BpeMH. Ohchb mhoto npoBOxmJi BpeMe¬ 
HH B HIKOJIBHOH (|)H3H'ICCKO-XHMH'ICCKOH JiaSopaTOpHH. 

Mcpci HeKOTOpOe BpeMH yHHTeHB <f)H3HKH MHe Be>KJIHBO 33HBHJI, HTO XB3TIIT 
MHe, KaK OH BBipa3HJICa, 3ailH\iaTBCH l ICpT 3HaeT HCM Ha ypOKaX MaTOMaTHKH H 
(|)H3hkh, nopa 6bi 3aMTL>ca eme none3HtiM /jenoM. Tax KaK 6 o:iBmyio nacTB 
BpeMeHH b niKone n npoBopun b hikojibhoh jiaSopaTopim, to oh namaHiui MeHJi 
Ha tiojdkhoctb jiaSopanra hikoubhoh na 6 opaTopHH no (J)H3hko h xhmhh, hto6bi n 
TOTOBHJI H npOBO.TITB pCMOIlCTpailHOIlIlBie 3KCnepHM0HTBI Ha ypoKax b KJiaccax 
hikojibi. Mon (J)3mhjihh SBiJia BBe/ieHa b niTaT npeno^aBaTeiieH hikojibi, h MHe 
6 BiJia onpeneneHa 3apnjiaTa. TaK hto MHe c 8 -ro KJiacca npHnuiocB He tojibko 
yHHTBca, ho h y>Ke pa 6 oTaTB, mojkho cKa3aTB, b HHTepecyiomeH MeHJi oGnacra. 
3tot ncpno3 Moen >kh3hh 0Ka3ajicji HanGonee maioTBopiiBiM 31 in Moero Ha- 
najiBHoro nojiHOCTBio eaMOCTOJiTeJiBHoro caMoo6pa30BaHHJi no BceM HHTepe- 
cyiomHM MeHJi o 6 nacTHM HayKH. Ho, npn HCKJHOHHTenBHO 6ojibhioh jiio6bh k 
(J)H3HKe H MaTeMaTHKe, aCTpOHOMHH II BCeM TCXIIHHCCKHM HayKaM, K C05Kane- 
hhk), ji 6biji oneHB cna6BiM yneHHKOM no ryMaHHTapHBiM HayKaM ( 3 a HciuiioHe- 
HHeM Moero caMocTOHTejiBHoro cepBe3Horo yBJieneHHJi eme pucoBaHneM, a no3- 
*e h My3BiKon). B mohx ooiiihx HanajiBHBix maniiax, hto h cne^OBano 6bijio 
o>KHZiaTB, 6biji y MeHJi 33MeTHBiH nepeKoc b crapoHy (|)H3hhcckhx HayK. CjiepyeT 
OTMeTHTB, hto ncpiiop 6biji to 171 a nocJieBoeHHBiH h o 6 m co 6 p a 30 b aTcn b 11 a a npo- 
rpaMMa hikoji toto BpeMeHH eme He HacHJioBana yhciihkob iicooxotiimoctbio 

3HaKOMCTB3 C T3K0H a6CTpaKTHO-Cy6teKTHBHOH TeOpHeH, KaK Teopiui OTHOCH- 
TeJIBHOCTH A. 3HHIHTeHHa. noaTOMy MOH HaH3JIBHBie 3H3HHH (jlOpMHpOBajIHCB Ha 
HHCTO MaTepHajIHCTHHeCKHX nOHIHHHX, HTO MaTepHJI nepBHHHa, a C03H3HHe BTO- 
pnHHO. H k Koimy niKonBHoro nepnopa y MeHJi 6bijih c(|)op\iiipoBaiiBi cboh co6- 
cTBeHHBie npencTaBneHiui 06 OKpy>KaiomeM Hac (Jhihihcckom Miipe h 6bijih Ha- 
6pocKH na'/Kx cBoen <J)H3HHecKOH Tcopim cTpoeHna ojicMciiTapiiBix HacTini. no- 
CTpoeHHOH Ha ocHOBe ecTecTBeHHoro, c m aTcp 11 an iictiihcckiix no3imHH, 30 ny- 
meHHJi peajiBHocTH cymecTBOBaniiH MiipoBoii MaTepnanBHOH cpcpia - 3 c]jh pa. 
nocTpoeHHBie eme b hikojibhbih ncpno/i motcth oacMciiTapiiBix HpepiiBix nac- 
Tim H3 3apiDKeHHOH MaTepnanBHOH cpc.TBi c|)H3HHecKoro BaKyyMa He noTepjuiH 
aKTyajiBHOCTH h b nacTOHiHcc BpeMJi. CornacHO mohm HanajiBHBiM Teoperane- 
ckhx nocTpoeHiMM hcxouhbimh KHpniiHHKaMH Bcero MiipomaiiiiJi hbjihiotgh 
3JieMeHTapHBie 3apH>KciniBie BiixpeBBie CTpyKTypBi 3JieKTpoHa h no3HTpoHa. Yc- 
TOHHHBOCTB THIiaMHHCCKOH CTpyKTypBI BTCKTpOIia H n03HTp0H3 OOyCTOBTCIia 
KBaHTOBOH npiipOTOH Cpe^BI (J)H3HHeCKOrO BaKyyMa H THHaMHHeCKHMH 3(J)(J)eK- 
T3MH yMeHBHieHHJI CHJIBI B3 a IIM O 3 CIIC T BII3 npH 3BHVKCIIHH 3JICKTpHHCCKOH 3apH- 
JKeHHOH epC3BI, o6mee TCOpCTH'ICCKOC o6oCHOBaHHe KOTOpBIM 6BIJIO 3a110 n03>Ke 
y>Ke npn Moen y'icoc b BY3e. B B030y>K3ciiii0M kb3htobom coctojihhh npeano- 
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naranacb bobmo'/Khoctb rsupTyaiibnoro cymccTBOBanHa BuxpcBoii CTpyKTypbi 
aneKTpoHa (no3HTpoHa) Niac'coii b 70 3jieKTpoHHbix cthiihii. KOTopaa annacica 
HanajitHBiM KHpnn'icKOM CTpoeHiui Jiio6oro aqcpnoro BemecTBa. B 'iacTiiocTH. 
eme b niKonbHbffl nepHOT 6bma npeanono)KeHa peajibHocTb cymecTBOBaHiui 
HeHTpajIBHOH CTa6nJIBHOH HaCTHHbl MaCCOH B 140 SJICKTpOHHBIX Macc H cne- 
Tyiomux 3a Hen otphiuitctbiio hjih nono>KHTeiibHo 3apHVKeimbix ycToiiHHBbix 
HaCTHH - H3BGCTHBIX y>Ke B HayKe p-MC30II0B MaCCOH B 210 3JieKTpOHHBIX Macc. 
C-BepyioinaH ycTOHHHBaa HacTuna HTcpnoro BemecTBa H3 sthx >Ke Kupnn'iHKOB 
>mepHoro BemecTBa annacica yace ncHTpajibiiaH HacTi-ma 7i o -Me30H Maccoil b 280 
3JTCKTpOIIIIBIX Macc, KOTOpaH HBTHCTCT KHpmiHHKOM 6oHee KpynHbIX 'iaCTHIl 
H.Tcpnoro BemecTBa - k-mcohob h t.,t. OTpimaTenbHo h nonoacHTeiibHo 3apa- 
>KeHHbie 'iaCTHIIBI JI-MC30H0B HMdOT HeCKOJIBKO HHOe CTpOeHHe C MeHBIHIIM 
KBaHTOBbiM ncpcxopovi b 10 3JieKTpoHHbix Macc, h hx Macca cocTaB.THCT nopsn- 
Ka 290 3JTCKTponnbix Macc. HecKOJibKO no3ace, yace npn yncoc b yHHBepcHTeTe, 
OKa3anOCb IICOOXOTHMBIM BHOBb BCnOMHHTb MOH IHKOUbHbie MOTCJIH 'iaCTHIl 
BemecTBa. 

B cbodo.tiioc ot yncoBi BpeMJi a yBneKajica eme a bh a mo.tcth 3 mom. H sto 
yB.TC'icnnc Toace 6bmo HacTOJibKo cepbe3HbiM, hto k oKon'iaiiHio niKonbi a pa6o- 
Tan eme pyKOBOTHTeiieM tctckoto aBHaMOTejibHoro KpyacKa b ropoTCKoil ct3h- 
iihh iohoto TexHHKa, 171c TaKace nonynaji 3apnnaTy. B stot nepi-iOT BpeMeHH 
cepbe3Ho yBJicKCfl eme npoOTCMaMH Manon aBHaimn h aBHaimcii Boo6me. Eby- 
naji khhth no Teopnn noneTa, HHTepecoBajica aspo.THiiaMHKoli noneTa annapa- 
TOB TJDKeiiea BOiqyXC H HX KOHCTpyKTHBHbIMH Oeo6eHHOCTJIMH H caM y>Ke KOH- 
CTpynpoBaji pa3Hbie HOBbie motcjih caMoneTOB. B 3tot nepnon Moeii >kh3hh mhc 
ypaqocb pa3BHTb y ccoh cnocoonocTB k BbinonHemiio KponoTJiHBon h ohchb 
TOHKOH H TOHHOH paOOTBI. HanpHMep, npUXO/lHJTOCB H3TOTOBJiaTb .TCHCTBVIOIHHC 
KOMHaTHbie mo.tciih caMOJieTOB c pa3MaxoM KpbiJia 6onee nonMerpa H3 tohkhx 
COJIOMHHOK H o6mHM BeCOM BCCTO JIHHIb 7-8 TpaMM. 3tH CnOC 06 HOCTH B /(ajlb- 
HeHHieM MHe nacTO OKa3biBanncb hcooxothmbimh npn npoBcpcimn pa3HHHHbix 
OHCHB TOHKHX H TOHHbIX TKCnCpHMCHTOB no (|)H3HKC. 

IIpiiMepHO 3a nm nepeT OKOHHaHHeM hikoubi, cnynaHHO ycnbiman no pa- 
THO MCnO.THIO, KOTOpafl MeHJI npOCTO nOpa3HHa H IlCO'/KH.TailHO 3apO.TH.Ta BO MHe 
orpoMHyio CTpacTb k My3biKe. Ilo3nce a y3Han, hto no paxmo ncnonHanacb Ha 
(|)opTenBSHio BocbMaa «IlaTeTHHecKaH» eoHaTa EeTXOBeHa. BcnbixHyBHiaa 
CTpacTb k My3biKe y MeHJi 6braa ctojib BejiHKa, hto a nocTaBHJi nepexi co6oh uenb 
eaMOCTOSTeJibHO nayiHTBCT i-irpc Ha nuaHHHO, hto b xianbHCHiricM h 6biJio mhoh 
ocymecTBJieHo. /lyx Gymapa b My3biKe EeTXOBeHa 0 Ka 3 anca, ohcbhtho. epoTiin 
Tyxy 6yHTapji h b HayKe. K OKonnaHHio niKonbi a yace po6ko HaHHHan i-irpaTB Ha 
HIKOJIbHOM nuaHHHO, FIBITHHCB XOTb B MajIOH CTeneHH y.TOBTCTBOpHTB CBOH 
BHyTpeHHHe nOOyVKTCHHT. 
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Ilociie OKOii'iaiiHH hikojibi nocTynan b AjiMa-ATHHCKHH yHHBepciiTeT Ha 
(j)H3HHeCKHH cjjaKyjIBTeT, HO He npOHieU no KOHKypey (H3-3a TpOHKH no pyCCKO- 
My) h TyT vkc 6biji \ioOH3H30Ban BoeHKOMaTOM Ha cny>K6y b apMiin. Ho, oy.Ty'iH 
eme a6HTypneHTOM Ka3ry, ycnen 6jih3ko noinaKOMHTbCH c acipoHOMOM 
A.A.ThXOBBIM H3 AjIMa-ATHHCKOH 06 cepBaT 0 pHH, BHTHblM C n C H H 3 JT H C T O M no 
H3yneHHio naaiicTbi Mapc. Bbijih cornacoBaHti y*e ruiaHM moch pa6oTBi c hhm, 
ho 3thm nnaHaM He cy'/KTCiro 6bijio oeymecTBHTbCJi. npunuioct Tpn ro.Ta oTcny- 
>khtb b apMHH. Cny>KHn (6i>ma npeaocTaBneHa CBo6o.ua Bti6opa) b aBHaunoHHOM 
HCTpe6HTem>HOM Kopnyce b r. KpacnoBO.TCKC Ha KOMan.THOM nyHKTe ynpaBJie- 
hhji noneTaMH caMoneTOB. Ha cny>K6e TO)Ke otjihhhjicji cbohmh opurnHantHtiMH 
cnoco 6 HocTJiMH ObicTpo iiaxo.THTb tcxiihhcckhc pemeHHJi npo 6 neM 30 t3koh 
CTeneHH, hto KOMair/iyionu-iH KopnycoM iiconiioKpaTiio npeanaran MHe CBoe co- 
TeilcTBHe b nocTynjieHHH b aBHanHoimyio aKaTCMHio. O.TiraKO ot npc.Tno'/KcnHH 
KO\iaii,3yioincro ji ncoTHOKpanio OTKa3MBajiG5i, ccbuiajicb Ha to, hto raaBHaji 
uenB y MeHJi - no3HaHHe (J)H3HHecKOH npupoTH OKpy>Kaiomero Hac peantHoro 
Miipa. EjiaroTapji CBoeMy oco6oMy noJio'/Kcimio, ji to 6 hitch pa3pemeHHJi nonB30- 
BaTbCJi 6ohbhioh mcthhhiickoh 6n6nHOTeKOH npn BoeHHOM rocnHTane rapHH30- 
Ha. OpHCiiTupyacB, onaTb >Ke, Ha cboio co6cTBeHHyio nporpaMMy caMoo6pa30- 
BaHiM, ,TBa ro.Ta cneunanBHo hocbjitht H3yHeHHio pa6oT ^apBHHa, BpeMa, a 
TaioKe pa6oT naBJioBa, CcncnoBa, EtncoBa h TP- no Bbicnien HepBHoil CHCTeMe 
HCBOBCKa h '/Khbotiibix. B cbooo.thoc BpeMJi KOMaii,TOBanHc\i MHe 6i>uia npc.Toc- 
TaBBCiia B03M0)KH0CTb ynpaJKHHTBCJi b My3bnce - nrpe Ha miaHHHO, Korapoe 
6bijio npHBe3eHO no moch npocboc b Ka3apMy H3 nacra, r.TC oho He Hcnoin>30Ba- 
Jiocb. Ho /to 3toto BpeMeHH MHe npHiHJiocb npHo6pecTH CHanana CKpunKy, Ha 
KOTopofi ji T3K)Ke Hanaji ocBaHBaTB HOTHyio rpaMMaTy. /(aiKe b ycJioBHJix cny>K- 
6bi b apMHH MHe y/iajrocB coj.TaTb cnocnbic ycnoBini tth TaJibnciimero caMoo6- 
pa30BaHHJi b HHTepecyiomux mciih oSnacrax inannsi h HCKyecTBa. 

O^HaKo naiiooTcc cepbe3HbiH niTypM ochob Been coBpcMcnnoii c|ih3hkh 
mhok) 6biji nanaT y>Ke b CTeHax Tomckoto r oc y .t a p ctbch 11 0r o yHHBepcHTeTa, b 
kotopom ji 0Ka3ancJi b 1959-60 rr. npneMHBiH 3K33MeH no c|)H3hkc Ha ([thihko- 
TexHHHecKHH ({jaKyBbTCT yHHBepcHTeTa cnaBaA nepBbiM 6e3 bcjikoh npc.TBapii- 
TenbHOH no/iroTOBKH. Otjihhhjicji Ha 3K3aMeHe no MareMaraKe h b pe3ynbTaTe 
CTan CTy.TCiiTOM Tomckoto Fo cy ,t a p ctbch 11 0ro yHHBepcHTeTa. 

npevKHC Bcero, Ha HanajibHOM 3Tanc Bee CBoe cbooo.thoc BpeMJi ji hocbjitht 
TmaTejiBHOMy H3yHeHHio oomcii ([thihkh, cnenHaTbiioH h o6men Tcopim otho- 
CHTeJiBHOCTH A.3HHiHTeHHa, TaK KaK 6biji y>Ke nyooKO yoc'/KTcn b ohih6ohho- 
cth nocTCTniix Teoprai. Mcnojibiya xopomne (Jtohtm HayHHOH 6n6iiHOTeKH 
TTY, to 1963-64 rr. nepecMOTpen Bee ocHOBHBie paooTbi no cneiiHaiibHOH Teo- 
pHH OTHOCHTCTbllOCTH (CTO), OOIHCH TeOpHH OTHOCHTCTbllOCTH (OTO), KJiaCCH- 
HeCKOH (|)H3HKC, KJiaCCHHeCKOH 3TCKTpOTHH3MHKC, HO npHHHH OTpaHHHeHHOCTH 
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n ohih6ohhocth CTO h OTO naiiTH He CMor ,ao Tex nop, noxa He noHaji, hto 
MaTeMaTHHecKHH annapaT CTO (a Taicace h OTO) - sto aaviKnyTaa cTpoifflaa 
MaTeMaTHnecKaa CHCTeMa, cneiiHajibHO coi/iaimaa jsjisi ycnoBHH a6conioTHoro 
nycToro He peanbHoro npoeipaHCTBa huh aocojnoTiio nycToro o6meKOBapnaHT- 
hoto npoeipaHCTBa. H ecnn H3HananbHO npiiHaTbi ycnoBiia stoh 33MKHyTOH Ma- 
TCMaTHHCCKOH CHCTBMbl, TO BHyTpH 3TOH CHCTeMBI IIHHCM HCHBia y>Ke ,TOK33aTb 
ee ohih6ohhocth. KaKHMH 6bi cTpaHHbiMH, c (|)H3H'icckoh tohkh jpenna, He Ka- 
3anHCb BBIBO/IBI T3K0H TeOpHH, OHH He npOTHBOpCHaT npHHaTBIM HanajIBHblM 
ycnoBHaM h ocTaioTca npiiMeHHMBiMH b ycnoBiiax tojibko a6conioTHO nycToro 
He peantHoro npocTpaHCTBa. CneunajibHaa Teopua OTHOCHTenbHOCTH, c thcmch- 
TaMH OHHHiTeHHOBCKoro cy6i>eKTHBH3Ma, - 3Ta eyObCKTHBiiaa aocTpaKTiiaa Teo- 
pna, xoporno npHMeHHMaa b ycnoBiiax a6cTpaKTHoro aEconioTHO nycToro npo¬ 
cTpaHCTBa, ho noJiHOCTBio He npHMeHHMa rjul ycnoBHH peantHoro oicpyacaiome- 
ro Hac He nycToro c|}H3HHecKoro npocTpaHCTBa. Kor/ja 6biJia ycTaHOBJieHa 3Ta 
npocTaa HCTHHa, to CTana noHaTHa He (J)H3HHecKaa eymHOCTb Bcex napa/joK- 
canbHbix bbibo.tob CTO h OTO o npocTpaHCTBe, o BpeMeHH, 06 OTpe3Kax, o 
ckopocth CBeTa, o peJiaTHBHCTCKOH Macce, o Bpamaiomuxca CHCTeMax h t.,t. h 
T.n., o hcm, Kax pa3, h roBopHJiocb b BBiincnpHBcnennBix BbicKa3biBaHHax yne- 
HBIX CCpe.THIIBI npOHIJIOTO BCKa. HMeHHO n03T0My, MHOTOHHCJieHHBie nOnbITKH 
MHOTHX aBTOpOB OTUIOCTOpOHHCH KpHTHKH aBHO He (|)H3HHCCKHX TeOpHH CTO H 
OTO h hx nacTHbix ene^CTBHH ocTaBanHCb npocTO 6e3ycneiHHbiMH. 

HHTepecHo OTMeTHTb, hto eme b nepnon viocii yncOBi b TTY MHe cnynaHHo 
nonajiacb nyOBiH Raima KaKoro-TO aMepHKaHCKoro ynenoro, KOTopbiil Taicace yio- 
Ka3biBan peanbHOCTb cymecTBOBaHiia HeHTpoJiBHOH HacTimbi Maccon b 140 
3JieKTpoHHbix Mace, Kax 3 to 6bino npc.TnoHO'/K'cno mhoh mhoto paHee eme b mo- 
hx niKonbHbix TeopeTHHecKnx nocTpoeHiiax. Cne/iyeT oTMeTHTb, hto k 3 to My 
BpeMeHH Moeii yne6bi b yHHBepcHTeTe b MoeM My3biKanbHOM caMoo6pa30BaHHH 
MHe y/ianocb /kkthhb Taxoro eoBepmeHCTBa, hto neomiOKpaTiio BbicTynan Ha 
ropo.TCKHX KoimcpTax co cbohmh coJibHbiMH nporpaMMaMH, Ha KOTopbix Hcnon- 
Han He TOJibKO npoiTiBC/iciina EeTXOBeHa (coHaTbi «TlaTeTHHecKaa», «JlyHHaa», 
1-a nacTb IlaTOH chm<J)ohhh h qp.)- ho h BbicTynan co cbohmh (|)opTcn bhi iii bimh 
npOH3BeZieHHaMH. Y/1HBHTCJIBIIO, HTO OHeHb MHOTHX, qa>K'C BH.THBIX My3bIK3HTOB, 
B TOM HHCJie H3 TOpOZJCKOH cjlHJiapMOHHH, HeM-TO 3aBOpaaCHBajia MOa My3bIKa. 
Ebinn /ia>R'e npezmoncefflia npoBecTH opKecTpoBKy Moeii coHaTHHbi «CoMHeHHa», 
KOTopaa 6biJia HanncaHa b CTpacTHOH MaHepe EeTXOBeHa. 

IIpH a i ran Hie 3 kc n e p h mc i mui b h bi x ochob3hhh CTO h oomcii Teopnn otho- 
CHTeJibHOCTH (OTO) /na nycToro CHMMeTpHHHoro KOBapnaHTHoro npocTpaHCTBa 
6 biJia oonapyvKCHa h cymccTBcnnaa orpaHHHeHHOCTb OTO npHMeHHTenbHO k 
peajibHOMy 0K0H03eMH0My npocTpaHCTBy rpaBHTaimoHHoro nona h (J)H3HHecKO- 
ro BaKyyvia. Yace k OKOHHaHHio yncOBi b Tomckom n o ji ht e x i ih h c c k om HHCTHTyTe 
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Ha (|)H3HKO-TexHHHecKOM cjjaKyjiBTeTe (b 1967 r.), aBTopoM 6ti.na npepcTaBneHa 
pyKonuct nepBoii khhth MOHorpac|)HH "3aKOHti MexaHHKH h nn c kt po phh a mhkh 
peajitHoro OKo:i03eMHoro npocipaHCTBa rpaBHTaiiHOHHoro nojia h (J)H3HHecKoro 
BaKyyMa" o6teMOM b 540 c. [2], b KOTopoil pan aHanH3 ochob CTO h npiriHii ee 
napapoKcanBHOCTH, a TaioKe ochob hoboh Teopnn peajitHoro MaTepnajitHoro 
npocipaHCTBa, npiiMeHHMOH pna peajitHoro npocipaHCTBa (J)H3HHecKoro BaKyy¬ 
Ma. K 3TOMy BpeMeHH aBTop 6 hh3ko no3HaKOMHJic)i c iiayniBiMH pa6oTaMH bhp- 
Horo Tomckoto t|)Hi hK a- tco p cthK a p.tjj.M.H., npo(|)cccopa E.H.PopnMOBa h c ero 
Teopneft «ABTOKone6aTenBHOH KBaHTOBOH mcx3hhkoh», a TaK>Ke c yiiHKanbnoM 
Teopnen ero ca m o h npy k i[ h onnoro ycKopHTena sapavRcimux HacTun «FcnHO- 
TpoH». H Korpa BCTan Bonpoc o iicoGxophmocth nanucaimsi pnnnOMHoro npo- 
eKTa, to Bti6op TeMti onpepenHnca caM co6oh, TaK KaK p.c|).m.h., npo<J)eccop 
E.H.Pophmob corjiacnnca 6bitb pyKOBOPHTeneM stoto pnnnOMHoro npoeKTa. 
Hpea ca mo h i i py k h ho n n o ro ycKopi-iTcnn 6 Bin a tccho CBHiana c snc KTp o m a n i h t- 
HBIMH HBnCHHnMH H C npiipOPOH TaHHCTBeHHOrO HBnCHHn HIlpVKHH H H CaMOHH- 
pyKHHH h moh pHnpoMHtiH npoeKT, ecTecTBeHHo, 6Bin nocBnmcii stoh HHTepec- 
hoh npoEneMe. 

Flocne OKOiHiaiinn HHCTHTyTa aBTop ocTancn paooTaTB b HHH npcpnoii (|ih- 
3hkh npn TFIH b KaHecTBc iiayinoro coTpypiiHKa h nop pyKOBopcTBOM 
E.H.PopnMOBa pnHTcnmioc BpeMJi iaiinviancn 3 kc nep hm e irran b h bimh uccnepo- 
BaHHHMH painHHHBix sncKTpoManiHTii bix HBneHHH. B pajiBHenmeM mo a pa6oTa c 
E.H.Pophmobbim 6i>ma npoponnccua y>Ke b naoopaiopn h vianoraoapHTiiBix ycKO- 
pHTcncii 3apjj>KeHHBix 'iacTHii-OCTaTponoB. K jtomv BpeMeHH 6 bijih nonnocTino 
noproBneHti pira OKOHHaTentHoro ocjjopMJieHHJi MaTepnanti nepBOH khhth mo- 
Horpacj)HH «3aKOHti MexaHHKH h 3n ckt p ophii a mhkh peajitHoro OKonoiCMiioro 
npocipaHCTBa rpaBHTaiiHOHHoro nona h <j)H3HHecKoro BaKyyMa» h pemeHHeM 
pHpCKHHH HHCTHTyTa nPCpilOH c[)H3HKH MHe 6tIJI npCPOCTaBnCH TBOp'ICCKHH Me- 
cjihhbih oraycK pna ManiHHonHCHoro ocjjopMJieHHJi MaTepnanoB MOHorpacjpiH h 
npepcTaBneHiM ee b pantHenmeM pna KonnerHantHoro o6cy>KpeHHJi Ha o6tepn- 
HeHHOM iiaynioM ceMHHape HHH MO. THH, TTY, COTH. HHTepec naynnoH 
o6mecTBeHHOCTH k nopMTOH pjia o6cy>KpeHHJi iiayinoH TeMe OKa3anca orpoM- 
HBIM, eCJIH npHHJITB BO BHHMaHHH, 'ITO npHBepeHHBie BBIHie BBICKaSBIBailHH BHp- 
hbix y'iciiBix o ecpBCiiioil kph3hchoh cHTyaiiH h b coBpeMeHHOH HayKe OTHOCJIT- 
cji npiiMepHO k 3TOMy >Ke nepnopy BpeMeHH. B 3tom nnanc mo>kho otmcthtb 
pa>Ke HeKOTopyio 3HaKOByio CHTyaiiHio c oprain-nanHCH MecTa nponcpciinn o6t- 
epHHeHHoro ceMHHapa (cnepyeT otmcthtb. hto paHHoe coobithc pnn Tomckoh 
H ayHHOH o6mecTBeHHOCTH npoBopi-inocB BnepBtie!). Cuanano 6 bijio oobabmcho. 
hto o6i.epHHeHHBiH ceMHHap 6ypeT npoBepeH b sane iiaynnoH ononnoT ckh HHH 
310 (Tomck, 1979 r), rpe TpapHiiHoinio npoBOPHMHCB Bee HayHHtie ceMHHapa 
HHCTHTyTa. Ho Korpa nananH coonpaTBcn npHrjiameHHtie Ha ceMHHap h janon- 
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hhjih Beet 3an nayinoH 6h6jthot6kh n no/ixonmunc CTann 3anonHHTb y>Ke Beet 
Koppnxiop 3-ro 3Ta>Ka noMcincnna. a nocne n Koppnnop 2-ro 3Ta>Ka j/iaiinn hh- 
THTyTa, Ha kotopom naxo.THTcyi Kaoi-meT nnpck'Topa HHCTHTyTa, to nupcKnnsi 
HHCTHTyTa 3a6nna TpeBory h epo'ino npurouio pemeHHe o nepeHoce iacc/iam-in 
oObcnmieimoro ceMHHapa H 3 i/ianini HHH MO b 10 Kopnyc TI1H b Oonbinon 
jieKUHOHHbiH 3an. Ho h 6ohbihoh acKHHOimbiii 3an ynconoro Kopnyca TnH 
TaioKe oica3ancn nepenonHeHHbiM h to 171 a 6bijio npHHJiTO pememie otkpbitb Bee 
ZtBepn ayztHTopnH, htoOh ocTaBinne npHrjiameHHbie Moran npimaTb ynacrae 
xotji 6 bi c toh y npoxoqa aym-nopi-m. Bcero Ha oObcnmicimoM naymioM ceMH- 
Hape HHH MO. TnH, TTY, COTH npnHnno ynacrae 6 onee 500 '-icaoncK npn- 
raanieHHbix, H3 hhx 10 BnziHbix npo<J)eccopoB h 6 onee 50 KaH,HH,naTOB HayK h 

HeCKOUBKO COTeH pa3HBIX HayHHbIX COTpy.TIlHKOB H HH)KeHepOB IIHCTHTyTOB. 
nocne 6ypHOH ztncKyccHH h o6MeHa mhchhjimh no mnpoKOMy Kpyry BonpocoB, 
6bijio npHHJiTO cohomohobo pemeHHe, no MaTepnanaM npexpiOKeHHOH MOHorpa- 
(J)hh HanncaTb aBTope<J)epaT c coicpameHHbiM H3no>KeHHeM khhth h H3/iaTb th- 
pa>KOM b 200 3K3., 'iTODbi movkiio 6bijio 6bi pa30cnaTb ariTopc(|)cpaT no npyruvi 
HHH n HaynHBiM nciupaM cTpaHbi hjix 6onee mnpoKoro oocyvKciiHH aKTyanbHon 
npooncvibi. /lamias paooTa Obina BbinonHeHa n anTopc(|)cpaT 6bin pa3oenaH no 
BceMy Coi03y, nocne nero nocne^OBana .unnTenbHan n HHTepecHan HaynHan ne- 
penncKa (nonyneHO 6onee 1000 nnceM) co mhothmh yneHbiMH co Been CTpaHbi. 
Pe3ynbTaTbi 3toh nepenncKH, npoK/ic Bcero, noKa3ann /ici-icTBi-iTCJibiio 6onb- 
myio aKTyantHOCTb n snoDoniicruiocTb nonunion iiaymon npooncvtbi n jiBunncb 
nononiiHTcnbnoil aKTHBHon anpooaiincii nonnnTbix b MOHorpatjjnn nayiiibix 
npo6neM. 

B 3tot nepnon BpeMenu y aBTopa 6bino HHTepcHoe 3HaKOMCTBO c a Kay 
HBaHeHKO, c KOTopbiM oh no3HaKOMnncn bo BpeMn ero BbicTynncimn Ha nayn- 
hom ceMHHape b HHH 510. Biitiibih cnennanncT no cnennantHon n o6men Teo- 
pnn OTiiocHTcnbiiocTH J\.J\ HBaHeHKO nponBnn iiia'iHTcnbiibiH wiTcpcc k pe- 
3yntTaTaM HccnenoBaHnn, npencTaBneHHbix b Moen nepBon MOHorpa(J)HH «3a- 
koiibi MexaHHKn n 3nc kt pon hi ia mhkh b pcanbiiovt OKono3eMHOM npocTpaHCTBe». 
Ho Tax Kax BpeMn npeObiBaunn /J./J.MBaneiiKO b ToMCKe Obino orpaiii-i'iciio. to 
oh nepenopynnn CBoeMy ynemiKy, ynce Bi-innoviy TeopeTHKy A.Kanb l iy>KKHiiy 
/iCTanbiio paioopaTbcn c mohmh tcopcthhcckhmh npenno'/fceimnMH n pacncTaMH 
no CTO n OTO n HanncaTb eMy mm no o cbohx pe3ynbTaTax. ynoMHiiannc no- 
noOHbix cnynanx oyncT BecbMa none3HO, Tax Kax narnnnno noKa3biBaeT CTeneHb 
HeoObiHHon pcaKiin n BHmibix c n c i in an hct o b - TeoperaKOB no CTO n OTO. 
Mhoio 6bino nonroTOBncuo Tpn BapnaHTa pacncTOB ncKOTopbix peanbHbix 3(|i- 
(JieKTOB C TOHKH 3peHHJI TeOpHH OTHOCHTenbHOCTn, B KOTOpbIX O6113pV>KHB310TC % 
pe3ynbTaTbi, noKaibiBaionmc rpyoyio oiiinoo'iiiocTb oGmenpwinTbix H3BecTHbix 
pennTHBHCTCKnx npencTaBnciinil. Bmiinncb 3 a paccMOTpeHiin cnanana nepBoro 
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BapnaHTa paccncTOB. A.KanBnyvKKiin npeanoKHn MHe no/ioiiTH k HeMy ncpci 
nc/icmo n oh /lOKa'/KCT. hto ji oniH6aioci> b cboiix pacncTax. Hcpci He/ienio ji no- 
o111 cjt k A.Ka^b'iyvKKHiiy. ho bmocto cbohx /lOKaiaTcnBCTB. oh npexpiOKHJi no- 
Ka3aTi> eMy BTopon BapnaHT pacncTOB h npn.TTH ncpci He/ienio. EcTecTBeHHO, a 
npeziocTaBHn eMy h BTopon BapnaHT cbohx pacncTOB. Hcpci nc/icnio Bee noBTO- 
pnnocB h npo(J). A.Kani>Hy>KKHH nonpocHJi y MeHJi h TpeTHH BapnaHT mohx pac- 
neTOB, hto To>Ke 6 bijio c/icnano. H Kor/ia npuMepHo Hcpci mcchu ji no/iomen k 
npo(|). A.KanBHy>KKHHy, to oh lamnm, hto caM oh ohciib y/iHBncn h He 3HaeT, 
no'iCNty Bee Tax nonynaeTca. Bo Bcex cbohx pacncTax, koik npiiinannBiii cto- 
pOHHHK peJIJITHBHCTCKHX H p CHCTa Bn CIIIIH H nOCJTC/lOBaTCIIB CBOeTO yHHTeJM 
HBaHeHKO, OH BCCBMa menCTITTBIlO H KOppCKTIlO HCn0IH>30Bai[ II3BCCTIIBIC 
peJiHTHBHCTCKHe npcncTaBncimsi. onnano b koiic'iiibix pciynBTaTax nonynaji, 
noneMy-To bbibo,tbi, KOTopBie onpoBeprann ncxonnwc KoimennHH CTO h OTO. 
no'icviy Tax nonynaeTCH, oh He MO)KeT noHJiTt!? npcnno>Kiin MHe naniicaTB 06 
3tom pciynirraTC eaMOMy a Kan. /C/lTlBanciiKO, Tax Kax oh He ohciib yBepeH b 
CBOHX 3HaHHJIX BCeX H3BCCTIIBIX 3 KC n C p H MCI IT3H B11BIX (jjaKTOB. KoHeHHO, JI HanH- 
ean eaMOMy ^.^.HBaiicnKO h OTnpaBHJi eMy no.nroTOBncnnyio cTaTBio e MaTe- 
p liana mh cbohx pacneTOB h nonpocun ,TaTB cboh otibib. Onnano otbcthoc 
nncBMO ot /],./!,.IlBanenKO mhoio 6 bijio nonyncno tojibko nocne, npiiMcpno, on- 
hoto ro/ia, b kotopom oh coooirmn. hto noTcpjin moio CTaTino h nonpocun bbi- 
cnaTB 3Ty CTaTino CHOBa. HanpaBHB noBTopHO 3Ty CTaTino /J./J.MBanciiKO, a CTan 
totobhtb 3 th MaTepnanti Rim ncnoniipoBaniic nepe3 BHHHTH y>Ke He novKiina- 
jicb OTBeTa Bimnoro aBTopiiTeTa b oonacni CTO h OTO. 

HHTepecHa h noyinTcnmia, b 3 tom nnaHe, OBina moji BCTpena c rpynnoH 
yneHtix (nopanKa 20 nenoBCK) H 3 C<t>TH npn TTY, KOToptie npurnacnjiH mchji k 
ce 6 e Ha ceMHHap h oocmanii, hto noKatfcyr MHe oihh6ohhoctb Bcex mohx pacne- 
tob. Ha noeice ncpcn npucycTByioinnMn Ha ceMHHape ji 3anncaji ycnoBiisi peiue- 
HHJI TCOpCTHHCCKOH ja/iaHH. npH KOppeKTHOM COOniO.TCnHH penUTHBHCTCKHX 
npe/iCTaBJieHHH, h kohchhbic pciyni/raTBi bbibohob. KOTopuc noKaiBiBann oihh- 
6ohhoctb iicxonnux pc-ththbiictckiix npcncTaBncnnii. Ha ceMHHape npiicyTCBo- 
Bann 3aB. Kaejicnpoii ,t.t.ii. A.KoBajieBCKHH h n.T.n. TapaceHKO O.H. (KOTopuii b 
CBoe BpeMJi npHHHMaji y MeHJi 6e3 bcjikoh npenBapHTentHOH nonroTOBKH npn- 
eMHBie 3 K 3 a\icnBi no ({hiiiikc npn MoeM nocTynncnnn TTY). Kaicon-To cncmia- 
nncT H3 'incna npneyTCTByioinHX Ha ceMHHape, npBiii ctopohhhk pcnuTHBimia, 
nOnXOHHT K .TOCKC H laBCpHCT, HTO OH cennac nOKa>KCT, HTO Bee MOH paCHCTBI 
obmh c/ienanBi He BepHo. npcncTaBHTcnB pcnjiTHBiiiNia y ,tockh Bee pacncTBi 
Kopperao ncpcnpoBcpnn caM hhhho h, b kohchhom pciynBTaTC, nonynacT tot 
*e caxiBiii pciynBTaT. KOTopuii own 3anneaH paHee mhoh. YniiBncniiBiii cbohm 
*e pciynBTaTOM, oh yxonim ot nocKii, ho BMeera Hero nonniiMacTcsi npyroii h 
nepenpoBcpjiCT pacncTBi Ha 30 c kc 3aHOBO. Ho kohchhmh pe3yni>TaT ocTacTCH 
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tot >xe cavibiii! BbicTynaeT co CMexoM TapaceHKO O.H h roBopiiT, hto 20 cne- 
UnanHCTOB peiMTHBH3Ma He MoryT yoc/iHTb o/inoro npoTHBHHKa! HaKoiicn BCTa- 
eT 3aB. Ka(|)c,Tpoii KoBaneBCXHH A., bokjihbo otbo.tht MeHJi b CTopoHy h th- 
XOHBKO npC.T-BaraCT MHe pa30HTHCb BCeM HaM Ka'/R'/IBIH CO CBOHM MHeHHeM. MHe 
minero He ocTaeTCH, xax cornacHTben c ero npenno'/xenucM, Tax xax npexpacHO 
noHHMaio, hto yKopcnuBineccH MHeHHe, xorapoe HacaHyianocb BCKavin b co3Ha- 
HHH HeUOBeKa, OBICTpO H3MeHHTB npOCTO IICJIB33. 

O HOBbix neo'/xunaniibix HayHHbix pe3ynbTaTax b cboch pa6oTe b HHH MO 
3BT0p, XaX OOBIHIIO. CTaBHJI B H3BeCTHOCTB, npC'/KHC BCeTO, BH.TIIBIX TeOpeTHXOB H 
eneunajiHCTOB HHH MO h TnH Taxnx xax E.H.Po.ihmob, C.n.Hcp/iairiieB, 
A.KajibHy>xxHH, A.H.J],H.TcnKO, A.A.Bopo6beB. Muonic H3 hhx, xax npaBHno, 
orpaHHHHBanacb tojibxo cjiopManbHbiMH OTnucxaMH. Ho x npezpionceHHbiM mhoio 
jjByM CTaTBHM «0 CTii-mcTBC HHXJiHHecxnx ,TBH>R'ciiHH» h «K Bonpocy o 3axoHax 
B3aHMOJieHCTBHJI .TBHVXVIHHXC51 33pH,TOB» OCOOBIH HHTepeC npOJIBHn npO(|). 

A.A.Bopo6beB (nn.-xopp. AH CCCP), nocne Hero ot Hero nocne/jOBano npn- 
rjiainciiHC paooTaTb no/i ero p y k o b o yi c t b o m , c hcm ji cpa 3 y >xe coraacHnca. 3tot 
ncpnon b CBoen TBopnecxon neflTCJTBnocTii aBTop BcnoMHHaeT ocoocnno c 
6ojibhihm ynoBneTBopemieM, Tax xax b TeneHHH nonra 2 -x neT MHe 6biJia npe- 
.TOCTaBHCiia qcHCTBHTCHBnasi nonHaji cbodotui xax b HayHHOH /icatcjibiiocth. Tax 
h b HayHHbix noHcxax. Pe 3 ynbTaTbi HayHHbix 11ccn c/io Ban11 ii oblth ctojib 06- 
HinpHBi h mo/iOTBopiin. hto A.A.Bopo6beB neoyinoxpaTiio Bbipa>xaji CBoe boc- 
xnmeHHe Moen orpoMHon pa6oTocnoco6HocTbK). Kax ohciib inencTiinBnBiii h 
ne^aHTHHHbiH 6ohbhioh v'iciibih A.A.Bopo6beB Ben yioxyMCHTanbiibie othctbi o 
Bcex cbohx nepenncxax co BceMH yneHbiMH CTpaHbi h pe 3 ynbraTbi nepenncxH, 
xax npaBHno, ocjiopMnan b ocjnmnanbHOM o6meM OTHeTe, xoTopbin penicTpupo- 
Bancn h OT/iaBancn Ha xpaHeHHe b ii a y'ino- tcx 11 h 'i cc k y 1 o 6n6nHOTexy TnH. Ho 
pe 3 ynbTaTbi Moen nHHHOH nepenncxH c npo(|). A.A.Bopo6beBbiM oxa 3 anncb 
CTonr ooijCmiibimh. hto A.A.Bopo6beB o(|)op\iHn ero OTnenbiiwM iiay i niBi\i ot- 
neTOM o HayHHOH nepenncxe c T.B.HuxonaeBbiM, xoTopbin Taxnce Oman Ha xpa¬ 
HeHHe HTE TnH. B nacTosiiHCC BpeMn xonnn sthx MaTepnanoB nepenncxH c 
npo<|). A.A.Bopo6bBbiM, BMecTe c npyriiMii apxiiBHbiMii MaTepnanaMH 
T.B.HuxonaeBa, xpanuTCH Taxixe b napTHiinovi APXHBE Tomcxoto oonacTiioro 

XOMHTeTa. 

B CBoe BpeMn, /pin onepaTHBHOH naynioii HHtjiopMaiijiH TeoperaxoB HHH 
.MO h TnH, mhoio Ha hmji yuipcKTopa HHH MO Dunn ncpc/iann MaTepnanbi 
noziroTOBneHHOH CTaTBH «06 an cKTpo m a n 111 t noii npnpone Maccti 3nexTpoHa», b 
XOTO pOH C H03HHHH HOBbIX TeOpeTHHeCXHX n p CHCTa B JT CIIIIii /lOKaiBIBaCTCfl HC- 
xnioHHTenbHO OonBinaa 3HaHHMOCTb stoto HayHHoro pe3ynbTaTa iicnocpencT- 
BeHHO /pin ycxopiiTenen iapu'/xcinibix nacTiin. b npo(|)iijnipyioincM HanpaBneHHH 
/ichtcjibiiocth HHCTHTyTa. B pacneTax b nacTHOCTH noKaibiBanocb, hto snexTpo- 
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MarmiTHaa Macca sacKTpona b ycKopiiTeaax 3apa>KeHHbix 'iacTHii b nnoTHtix 
nyiKax MoaceT 6oaee hcm Ha Tpn nopa.TKa oTnunaTbca ot toh bgjihhhhbi, no 
KOTOpOH OObl'IIlO paCC'IHThlBaiOTCH yCKOpHTeHH. O/lIiaKO 3HaHHTeJIbHbIH HHTepeC 
k 3thm MaTepnanaM 6biji npoaBaeH tojibko co CTopoHbi oxjhoto cneunajiHCTa- 
ycKopHTeni>mHKa A.A.BopoObcna. B stot ace nepno.T BpeMeHH H3 OH AH (Mo- 
CKBa) b HHH MO npuSbiJi Sojibhioh cneunajincT no naorabiM ny'iKavi 3apaaceH- 
hbix 'iacTun A.A.Pyxa/ne, kotopbih BticTynnn Ha naymoM ceMHHape b 3ajie 
6n6nnoTeKH HHH ilO c aoKaa/ioM o nocneziHux /locTir/Kcnnax n mrrepecHbix 
nccne/iOBaHHJix nnoTHtix nyiKOB ycKopeHHtix nacTnn. Hcnoab3ya noaBHBinyio- 
cji bo3mo>khoctb, nocae nayinoro ceMHHapa b Ka6nHeTe nupcKTopa HHCTHTyTa 
A.H./JnzieHKO n npn ero npncyTCTBnn, mhoio jihhho 6binn nepe^aHti npocj}. 
A.A.Pyxa/ric MaTepnanbi CTaTtn «06 33ckT poviarn ht noii npupoac Maccbi sneic- 
TpoHa», HanncaHHon coBMecTHO E.B.OicyjioBBiM. Mhoio 6tuia BbicKasana 
npocboa k A.A.Pyxa/ric A.A., hto6m oh Hamican cboh OT3biB Ha /lainryio CTa- 
tbk), Tax Kax HaniH TeopeTHKH noxa He cnocooiibi oiieniiTb iiaynnyio iiia'in- 
moctb 3thx MaTepnajioB. EcTecTBeHHo, hto A.A.Pyxa/pe noo6emaji o6a3aTC3b- 
ho iianucaTb oTBeT Ha MaTepnanbi CTaTbH. Mbi ayiann OTBeTa Ha CTaTbio 6onee 
nonro^a, noxa b HHH >1 O He noaBHnca o'icpcaiioii ncp h o .3 h l icc kh ii c6opHHK 
OHAH, b kotopom 6 wan onyoaiiKOBaiibi ,3bc CTaTbH Kax caMoro A.A.Pyxa/rie 
coBMecTHO c J1. C. E o r/ia i r k c b h h c m. Tax h A.AcKapbHiia. B sthx GTaTbax, ot HMe- 
HH nepeHHCHeHHblX aBTOpOB, OTKpbITO 06bHB3H30Cb O CymeCTBOBaHHH HOBOTO 
aBneHim, hto b njioTHbix nynicax sneicrpoHOB 3neKTpoMarHHTHaa Macca sneic- 
TpoHa «MoaceT bo mhoto pa3 npeBbimaTb ero Mcxanii'iccKyio Maccy». npii'icvt, o 
npe,TCTaB3cinibix b MaTepnanax CTaTbH T.B.HiiiconaeBa h E.B.OicyjioBa pacneT- 
hbix /lamibix 06 otjihhhh 33 c kt p o m a n m t n o ii Maccbi aacKTpoira Ha Tpn nopa/ixa 
ot MexaHHnecKOH Maccbi, ecTecTBeHHo, He ynoMHHanocb. Htoobi He TcpaTb Bpe¬ 
MeHH, HaM npHnuiocb sapcnoimpoBaTb MaTepnanbi cboch CTaTbH, ecTecTBeHHo 
eocnaBiHHCb npn stom Ha MaTepnanbi ony6nHKOBaHHbix CTaTeii aBTopoB H3 
coopiniKa OHAH. 

K 1970 r. aBTopoM 6biJia HanucaHa BTopaa KHnra MOHorpacjiHH 'TpaHHiibi 
npHMeHHMOCTH KJiaCCHHeCKOH H peiMTHBHCTCKOH 33C KTp0 .TIIII3 M II K H B yCBOBHaX 
peanbHoro OK0303C\inoro npocTpaHCTBa" oEbeMOM b 150 c. [3], b KOTopoii 6biJia 
noKa3aHa cymccTBcnnaa orpaini'icimocTb OTO npuMenuTeabiio k peanbHOMy 
npocrpaHCTBy. no BceM sthm iiccac/iOBaimsiM b /laabneiimeM 6biJi HanucaH 
HHioi pa6oT [4-10] no TeMe "OnTHnecican h sneKTpoxiHHaMHHecKan acHMMerpHJi 
peanbHoro oicono3eMHoro npocrpaHCTBa rpaBHTaiiHOHHoro nona h (J)H3HHecKoro 
BaKyyMa". 

TaKHM o6pa30M, npOTHBOpC'IHBOCTb HCXO.TIIblX OCHOBaHHH CTO II OTO H 
eyiHCCTBCimaa hx orpainiHcimocTb npuMciimrabno k peanbHOMy npocrpaHCTBy 
rpaBHTaiiHOHHoro nona h c[)H3HHecKoro BaicyyMa 6bran yace H3BecTHbi. OzjHaico 
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npn Hccnc/iOBani-m ypaBHeHHH 3nc kt p on h n a mhkh , b paMKax npencTaBneiiHH 
Teopira OTHOCHTeJIBHOCTH, npHMCIlHTCnbllO, OMTB )Ke, K peajIBHOMy 0K0H03eM- 
HOMy npocTpaHCTBy rpaBHTaiiHOHHoro nona h <[)H3HHecKoro BaKyyMa, Heoaai- 
TiaHHO 6binn oDnapyvK'ciibi CTpamibic ocodciiiiocth h npoTHBopenna h b caMHX 
ypaBHeHHJix on e kt p o n h 11 a mhkh MaKCBenna npn bbibopc HeKOTopbix inepreTH- 
necKnx cooTHomeHHH. H3 nyoaHKaiiHH npyrux aBTopoB toto BpeMeHH 6 bijio 
o6Hapy>KeHO, hto to'iiio t3khc ace CTpamibic bbibopbi 06 orpann'iciinocTH ypaB¬ 
HeHHH 3JieKTpo3HHaMHKH MaKCBenna 6binn nonyneHbi, HanpiiMep, BeiiHHKOM 
A.H. npn oGmeii ohciikc 'jncprcTH'iccKon chctcmbi. CymHocTb sthx orpann'ie- 
HI1H 3aKJIK)HajiaCb B TOM, HTO B HeKOTOpbIX OIlCITKaX 'JIlCprCTH'ICCKHX COOTHOIUe- 
HHH ypaBHGHHM OCTaBajIHCb paBOHCTBaMH TOJIbKO B TOM Cnyiae, KOT^a B 3TH 
ypaBHeHHJi BBOTHnocb CTpaHHoe HecKOJibKO yBenHHeHHoe no BenHHHHe MarHHT- 
Hoe none TBiincymeroca 3apa.ua, HanpanceHHOCTb MarHHTHoro noun ot KOToporo 
nocTOJiHHa no bcth'ihitc bo Bcex nanpaBJicnHTX. 

J\nn yTOHHeHim bo3hhkuihx noToapcimn b orpann'iciinocTH cncTeMbi ypaB¬ 
HeHHH MaKCBenna, aBTop 6bin BBiiiyncncn (ynce b HHH BH npn THH) c 1970-x 
ro^OB, ncpcKnio'iHTBca Ha ncTanbiioc Hiyicnnc Bcex napanoKcanbiibix CHTyannii 
b oonacTH coBpeMeHHon sncKTpon hi ia mhkh. H pe3ynbTaTbi sthx HccncTOBaiinri 
HeoncHjjaHHO npiiBenn k ycTaHOBnemno cyniecTBCimon orpann'iciinocTH caMnx 
ypaBHeHHH sneKTpoTHHaMHKH MaKCBenna npnMeHHTenbHO k peanbHOMy OKono- 
3eMHOMy npocTpaHCTBy rpaBiiTauiioHHoro nona n (J)H3HnecKoro BaKyyMa n k 
ycTaHOBneHino cyinccTBOBanna b peanbHon ,tc ii c t b n tct b n o ct n eme onnoro He- 
H3BecTHoro paHee b HayKe Buna MarHHTHoro nona n cymecTBOBaHHio cine Hen3- 
BecTHoro paHee aBneraia npononbiioro MarHHTHoro BjaHMOTCHCTBua. K 1975 r. 
aBTopoM 6bina nonyneHa ynce nonHaa h HenpoTiiBopeniBaa CHCTeMa ypaBHeHHH 
3na 3Byx TiraoB MarmiTHbix noneii, b paMKax orpaHHieHHoro (J)opManH3Ma 
MaKCBenna. Ho k jtomv ace BpeMeHH aBTopoM nonyncna h nonHaa CHCTeMa 
3H(|Kj)epeHUHanbHbix ypaBHeHHH b paMKax <J)opManH3Ma nonHoro MarHHTHoro 
nona h b paMKax <J)opManH3Ma rpazineHTHbix sneKTpunecKHX noneii sneKrpoTH- 
HaMHKH (J)H3HHecKoro BaKyyMa. no BceM 3thm Hccne^OBaHHaM 3a nepiiOT 1970- 
86 rr. 6bin HanucaH iiHKn pa6oT "HeH3BecTHbie paHee b HayKe aBnemia sneK- 
TpoMarHeTH3Ma. CKAJLMPHOHHOE MArHHTHOE nOJIE" [11-25], 

C 1970-x T030B Hananca jjnHTenbHbiH nepnoxi anpo6aiiHH nonyneHHbix pe- 
3ynbTaTOB Ha Miioro'iHcncniibix nayniiBix ceMHHapax KaK b ToMCKe, TaK h b npy- 
thx roponax cTpaHbi. MaTepnanbi npoBCTcmibix aBTopoM HccnenoBaiiHH nco/i- 
HOKpaTHO oocyacnanncB Ha nayniiBix ceMHHapax HHH MO. MHoroKpaTHO o6cy- 
acanncb Ha nayniiBix ceMHHapax HHH BH, 171c a nonroc BpeMa 6bin cexpeTapeM 
1 ray'inoro ceMHHapa. Ebinn npoBC/ieiibi naynibic ceMHHapbi b MocKBe (3HHH b 
1981 r.; M3H b 1981 r.; 3HHH b 1984 r.; SKcnepiiMeHTanbHaa Mr/J,- 
3neKTpocTaHmia HBT AH CCCP b 1985 r.), b KneBe (H3 AH YCCP b 1981 r.; 
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HHH 510 AH YCCP b 1981 r.; HTO AH YCCP b 1981 r.), b XaptKOBe (skc- 
nepuMeHTantHaa jiaOopaTopiui MT/],-rcncpaTopoB b 1984 r.), b Jleimnrpa.ic 
(JinH b 1984 r.), Ha oObCTU-mcnnoM MOKHHCTHTyTCKOM ceMHHape b HBaHOBO 
(HBry b 1985 r.). Bontmoe kojihhcctbo iiay'nibix ceMHHapoB 6 bijio nporsc/icno b 
HoBocn6npcKe (BII CO AH CCCP b 1986 r.; BU, CO AH CCCP b 1987 r.; 
Hrnr CO AH CCCP b 1986 r; HHCTHTyT MaTeMaraKH CO AH CCCP b 1988 r.). 

Bbino HecKOJiBKo BbicTynneHHH Ha MOK.iyiiaponnoM cHMno3HyMe ‘TIpo- 
Gjicmbi npocTpaHCTBa h BpeMeHH b ecTecTB03HaHHH” b r. CaHKT-neTep6ypre b 
1991 r., b 1992 r.; Ha MCVKTiynapoTUioM CHMno3HyMe b Bonrorpa^e «nepecTpoH- 
Ka ecTecTB03HaHHa» 1998 r., 1999 r., 2000 r. EbiJiH MHoroHHCneHHbie BbicTyn- 
neHHJi Ha pernoHajibHbix h Bcecoi03Hbix irayniiBix ceMHHapax h Koiu|)cpcniiHsix: 

1) Bcccoioinafl ilay'i iio-tcx n h' iccKaa KOHtjjepeHipis “KoMnneKCHbie iiccne- 
TlOBaHHJi (j)H3HHecKHX cbohctb ropHbix nopoa”, MocKBa, 1977 r., 

2) CoBemaHHe cckuhh (J)H3hkh MOHn “TeopiM h npaKTHKa SKcnepiiMeH- 
TajiBHBix Hccne^OBaHHH (J)H3HHecKoro BaKyyMa”, MocKBa, 1978 r., 

3) Haynio-npaKTH'iccKaa KoiK|)cpcniu-iyi “Mcto^bi uccne^OBaHHJi xhmh'ic- 
ckhx peaKHHH b TBcp.Tbix ncopraiiHHCCKHX BemecTBax”, Tomck, 1987 r., 

4) Mc>K,THCHHn3Hnapnaji 11 ay h no -tc x i in h cc Ka % niKona-ceMHHap “Henepno- 
ziHHecKHe OticTponpoTeKaiomHe abjighum b 0 Kpy>KaiomeH cpezie”, Tomck, 1988. 

5) npoOneMHbiH mcvkh hchh iui h napn m ii iray'nlull ceMHHap “Hn(|)op\iai[Hoii- 
Ho-3HepreTHHecKHe BjaHMo/icilcTBHsi b nooc(|)cpc”, Tomck, 1989 r. 

npoBe/ieHHbie HaynHbie xtHCKyccrai h o6cy>KzieHHJi noKa3anH aKTyajibHOCTb 
npo6neMbi BeKTopHoro noTeHUHana h BToporo MarHHTHoro nona h npHno>KH- 
moctb ee ko MHoniM HanpaBJieHHJiM nay'iiiBix Hccne,noBaHHH h npaKTH'iccKoro 
npiiMeHemiJi b pa3HHHHbix oOnacTJix HayKH, tcxhhkh, npoMbinuieHHOCTH, cenb- 
CKOrO X03SHCTB3, MCTiHHHIIC, BhOJIOTHH, B 6 bITy. 

MmCIOTCH 0 (|)HHHa.ribIIBIC 3aKJHOHCHHJI : 

1) HP3AHCCCP OT 29.09.88 r., r. MocKBa. 

2) HHCTHTyTa MaTeMaTHKH AH CCCP ot 12.03.88 r., r. Hoboch6hpck. 

3) JIaOopaTopHH HMP33M3 BU, CO AH CCCP ot 15.09.1986 r. Hoboch- 

6npCK. 

O.TiiaKO Kopcnnaa jiomk3 h3bccthbix npcacTaBJicnnH o 3aKOHax sneKTpo- 
MarHeTH3Ma noipeOoBajia cymecTBeHHbix h3mchchhh ochob Been coBpeMeHHOH 
(J)H3HKH. Hh'/KC. npCVK.TC HCM TOBOpHTB 06 3JIC K Tp O ,T H II3 M H K C (|)H3H'ICCKOrO Ba¬ 
KyyMa, rjisl noHHMaHHH nyOHiibi kph3hchoh CHTyaiiHH b coBpeMeHHOH TeopHH 
3JieKTpoMarHeTH3Ma h /pis noHHMaHHJi cymecTBa iicooxo.thmocth CKopciimux 
CCpBCiHBIX H3MCHCHHH HCXO/HIBIX OCHOB BCCH COBpeMCHHOH (|)H3HKC. BO BBO.TIIOH 
HaCTH KHHTH Oy/ICT ,1311 OK3TBIH o630p O CJIO>KHBHieHCS B COBpeMCHHOH (|)yil,Ta- 
MeHTajIBHOH (|)H3HKC OOIHCH Cepbe3HOH KpH3HCHOH CHTyailHH H B03MO)KHbIX ny- 
TJIX BBIXO^a H3 3TOTO KpH3HC3. 
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IloCBHmaeTCH 

aBCTpHHCKOMy (j)H3HKy, aKTHBHOMy 
pesojiiouHOHepy hobbix nanpaB.ieiniH, 
djimKOMy u dopozoMy <)jih mhozux U3 hoc 
BHflHOMy aBCTpHHCKOMy yneHOMy 
Cmecpany Mapunoey 


Ot aBTopa 

Oncm-maa pout 3aKOHOB 3a e k t p o m a r n e t h 3 m a b >kh3hh Bcero acaoBcaccTBa. 
b cBoe BpeMJi Ociinvian nncan: «Otkpbithc MaKCBennoM b XIX BeKe 3aKOHOB 

3JieKTpOflHHaMHKH JIBHJIOCb BCJTH'iaHHIHM /lOCTH'/KCHHCM BCeTO HCaOBC'ICCTBa. IIo 
CpaBIICIlHK) C 3THM BCaH'iaHHIHM COOBITHCM 100-JieTHJM B0HH3 B AMepHKe B TOM 

>Ke BeKe 6yzieT BbircumeTb mcjikhm npoBHHunajibHbiM npoHcniecTBneM» [26]. 

B nacToaiucc BpeMJi ooaacTH npuMciiHMOCTH HenoBenecTBOM 33KOHOB 
3JieKTpoMarHeTH3Ma CTajiH ctohb rpaii.THOiiibr. hto KaKaa-anoo paiyvmaa oiicii- 
Ka hx cTaHOBHTCJi y>Ke npocTo ncBBinoaiiHMoii. YpaBHeHiui saeKTpoa h na mhkh 
M aKCBemia ccjwpMyanpoBaHbi 6oaee BeKa TOMy Ha3aa (b 1873 r.) h BeaHHaninaa 
3HaHHMocTB hx oco6o noa'icpKHBacTca eme TeM ([aiKTovi, hto BnaoTB ao Ha- 
CToamero BpeMeHH ooiru-m ana ypaBneni-m 3a e kt po a h na mhkh VfaKCBcaaa, no 
cymecTBy, npaKTHaecKH He HiMciiHaca. 

Oairaao 3a paHTcaBiiBiii nepnoa OBaaacnna acaoBcaccTBOM 3aKOHOB aaeK- 
TpoMarHeTH3Ma, b aacKTp 0 a h na mhkc iraKonnaocb orpoMHoe KoannecTBO pa3- 
aHHHtix KaKHX-TO He oObacimviBix. cTpaHHtix, napaaoKcajibHbix, a nopofi yan- 
BHTcaBiiBix, 3aBopa)KHBaK)mHX h aaace, b HeKOTopbix cayaaax, cTpaniHbix aaeK- 
TpoMarHHTHBix HBaeHHH, npupoaa Korapbix ocTacTca aaa Hac, noacMy-To. 3ara- 
aOHHOH H BO MHOTOM HenOHflTHOH. H 0 C 06 eHH 0 CHaBIlO 0C03H3HHe CBoero noa- 
hoto OcccHana ncpca 33KOHaMH npupoabi npoafiaacTca y aeaoBCKa Toraa, Koraa 
oh caM, KaK roBopHTCJi, Ha CBoen niKype nponyBCTByeT sto aBJieHHe. 

l Ito *e npcacTaBaaioT co6oh noaooinac cTpaHHbie npnpoanbic aaeKipo- 
MarHHTHbie aBacnna. Korapbie ocTaioTca aaa Hac HenoHJiTHbiMH h saraao'nibi- 
mh? Koiic'ino. KOMy «nocaacTa hbhji oc b », ecan mo>kho TaK BbipaaHTbca, yBH.acTB 
KaKoc-anoo TaKoe HBaeiiHC npupoabi, to BnenaTaefflie o HeM ocTacTca y aeaoBC- 
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Ka hhoh pa3 Ha bcio >KH3iib. H He npocTO oc'TacTCH. a nenoBeK acmeT c sthm 
B ocnoMHHaHHeM bcio >KH3iib, nocToaimo noMHa, hto b oicpyacaiomeH ero npupo- 
fle ecTt eme hto-to TaKoe, Kaicaa-TO ncooyinannaa cTpanraaa CHJia, ncpcn koto- 
poii Bee vkhboc Ha 3eMJie noKa aSconioTHO 6eccHHBHO. O TaKHX aBnemiax movkiio 
TOBO pHTB MHOrO H OHCHB ,30-TTO. npHHHMaa BO BHHMaHHe, 'ITO /UTHTCJTbllOC BpeMa 
aBTop 3aHHManca cneunantHBiM HByncnneM sthx aBJieHHH, oyny'ni npcnecnaTC- 
aeM cc k iui h Ail h HJIO ITHAM. a 3aTeM 3aM. rcncpanbnoro nnpcKTopa Cn6np- 
CKoro Hay'ino-nccncno BaTcnbc ko ro Hcimpa Ail npn Tomckom nonuTcxiiHnc- 
ckom HHCTHTyTe. HanpuMep, on no H3 TaKHX CTpannux nn c k t p o m a r n n t n b i x aB- 
jieHHH onucaHO Hiiace. 

("TexHUKa-MojiodeoKru" 1, 82 z.) 

1978 z. (aezycm). Fopu 3anadnozo Kaem3a. Fpynna U3 5 uenoeeK cnycxa- 
Jiacb c eepuambi u ocmanoewiacb na nonjiez na ebicome 3900 Mempoe. B najiam- 
Ke ece yotce cnajiu. 

- "Oduu U3 oueeuduee npocHyjicn om cmpaimozo ouiymemin, mno khio- 
mo npouuK e namniKy. Bbicynye zojioey U3 mcmku, oh 3aMep. Ha ebicome 1 
Memp njibui fipKO-Me.imhiii map pa3MepoM c meHHUCHbiu mhh. Bdpyz map 
iihipiiyji emu u ucMet e cnajibHOM mciukc moeapuma. Pa3dancn duKuu i<pm<. 
Ceemmiaiuoi mapuK eucKomui U3 mcuiku u iiaoa.i xodumb Had ocmajibHbiMU 
cnajibHbwu MeuiKaMU, CKpbieancb no ouepedu mo e odnoM, mo e dpyzoM U3 
hux. Kozda wap npo.vcez u mou Meiuou, ecnoMunaem oueeudeu, >i nonyecmeo- 
ean adcnyw 6ojib, cjioeno mchh mczjiu iiecKO.ibKO ceapoumix annapamoe, u 
nomepan co3Hanue. npudn e cedn, yeudeji ece mom nee Mcenmeiu map, kohio- 
pbiu, codmodan mojibKO eMy meecmnyw onepeduocmb, nponuKaji e MeuiKii u 
Ka.vcdoe maiwe nocemenue ebabieano omuamuibiu neoejioeeoeci<uii kjuik, u 
U3 mena ‘le ioeeua eeipbieajicn uycoK mhcu, e HeKomopeix cjiyoanx do Kocmeu. 
Tax noemopnnocb necKOJibKO pa3. Kozda e nnnibiu ujiu meemou pa3 ooeeudeu 
npoucmecmeun npumen e co tnaiuie, mapa e nanamKe y.itce ne 6buio. Oh ne 
moz nomeeenumb hozou ujiu pyuoit. Tejio zopejio, nan onaz, u oh cnoea nome- 
pnji co3Hanue." 

B oojibHuue y noempadaemezo iiacmimaiu 7 pan. 3mo dbi.iu ne o.vcozu: 
npoemo KycKU Mbimu,, ebipeaHHbie, mno Ha3bieaemcn, "c mhcom", do Kocmeu. 
To vie dbuio u y dpyzux. A odnozo m namu oejioeeti map yduji, eotMo.naio, 
ommozo, mno ezo MemoK jicmcuji na pe3UHoeoM Mampace u 6bui mojiupoean 
om 3eMJiu. Hu paduocmaniiuw, hu Kapaduiibi, hu ajibnemumoKU "HIM” ne 
mpouyjia. Bxodubie omeepemun e juemnax 6 bum He do tbwe mennucHozo mh- 
na, a panel docmuzajiu pa3Mepoe 15-18 cm. 
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Hto 3to 6i>rao? Ta caviaa oOBi'niaa mapOBaa mojihim, o KOTopoii mbi chbi- 
majiH h MHoro roBopiiM? Ho yac cjihihkom paiuioHajibHO h jiothhho ee noBe/ie- 
HHe h npocMaipuBaeTCJi KaKaa-TO arsnaa neJicnanpaBJicimocTb. CKopee Bcero, 
mtokho npH3HaTi> b noBC/icnim aahhoh HIM Kaicyio-To iicnonaTiiyio h VKCCTOKyio 
pa3yMHOCTB. 

3mo nejiemie demcuibHO mynana MocKoecKan zpynna AH, u eo epeMn 
ecmpemi c odmiM U3 ujieuoe 3 moil zpynnbi <I>omchko B.H. mhc 6bui nomiau 
ceumep oduozo U3 nocmpadaemux oneeuduea 3inux mpazunecnux codbimuu. 
Ceumep y Hezo 6biJi U3 tuepcmu, u e pauoHe noaca ftbi.io (ibimmeno omeep- 
cinue ducmempoM 5-6 cm. OTBepcrae 6 bijto sib no BbiaoKeHo, Taic icaic Kpaa ot- 
BepcTiia CBHfleTenBCTBOBajiH o tcittobom bo3/ichctbhh Ha MaTcpnaii cBHTepa, ho 
o6>KHr KpaeB 6biji yxtHBHTenBHO KaKHM-TO tohkhm. Jinn HMHTaiiHH aBJiemia Ha 
TipyroH CTopoHe CBHTepa hccjic/io b arena m h 6bijih BbiaoKeHbi paiiiuviH h3boct- 
hbimh HaM cnoco6aMH (ra30B0H, njia3MOHHOH ropenKoii, jia3epHbiM nyuoM h t.a.) 
Apyrae OTBepcTiia, ho nn'icro noxo>Kero nonyuHTb He yAanocb. Bo Bcex cnyHaax 
B03/ieHCTBHe Tenna Ha MaTepiian CBHTepa mepcTt BcnyunBacTca h BBDKer He 
nojiyuaeTca t3khm ace tohkhm. Mm He 3HaeM eme, KaKOBa npiipo.ia ttoto 
HBJ ieHHH, MM He 3HaeM, KHKHMH nOJIHMH fibl.10 OCymeCTBJieHO B03fleiiCTBHe, 
Mbi He 3HaeM eme h npnpoAy caMoro cBeTHmerocH uiapHKa. B nacTHOCTH, 

MOCIvOBCKan KOMHCCHH HpHUI.ia K BbIBOAy, HTO 3Ta IIIM B 006 uiC He HBJIHeT- 

ch npupo^HMM HBJieHneM, a npeACTaBJiaeT eoooii onpeaejieHHoro Bii^a 
ynpaBJiHeMbiii 30ha anoMa.ibHoro oSbeicra THna HJIO h eMy noaoSHbix 
aHOMajibHbix oSbeKTOB. 

Kto-TO CKaaCeT, HTO 3TO CHHUIKOM CTpaHHBIH HenOHaTHBIH CHyuaH H H3 Hero 
eme He cnc/iycT /icnaTB bbiboa o KaKOM-TO pa3yMHOM noBC/icnim /laimoii HIM. 
JSflu 3thx HeBepyiomux a Mory npiiBCCTH upyroii CHyuaH. O HeM MHe paccKa3aji 
OHeBHAeu, Kor/ia a 6 biji b nepBOMaiicKOM paiioHe Tomckoh o6nacTH b 3Kcne,Tii- 
UHH b KauecTBC HauajibHHKa TKcne/uiiuioimoro OTpa/ia ot CuoupcKoro nayino- 
h ecuc/io b aren bcko ro IIciiTpa A51. 

CompydHUK mujiui{uu n. IJepeoMaucKuu, dydynu eme mkomhukom, c zpyn- 
noii odHOKjiacmiKoe (mpu napm u dee deeyium) ewdeoican U3 ulkojiu. UlKonbmi- 
ku Hcmpaeiuiucb k Mocmy nepe3 Mecmuyio penny. 3a 30-50 m do Mocma ohu yeu- 
demt, nan u3 nod Mocma eunemena npnan HIM pa3MepoM c h6jioko u nojiemejia 
naecmpeny um. fleenonm MOMenmajibno c npuKOMU Opocunucb na3ad, a mpu 
napm c comum oneeudifeM ocmanucb na Mecme, nmodbi npodeMoncmpupoeamb, 
nan zoeopumcn, ceoto xpadpocmb no omnowenwo k mpycnuebiM deenonnaM. 
IIIM nodnemejia k odnoMy U3 napneii u cdenana necKonbno eumnoe nad zonoeou 
na ebicome 1-2 m. 3ameM nepeMecmunacb k dpyzoMy napnm u noemopwia me 
Dice deuMcenm nad ezo zonoeou, a 3ameM mo Dice caMoe cdenana u nad zonoeou 
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mpenwezo napHH. Tlocjie amozo HIM ncmemejia e cmopony Mocma u cnoea 
cnpmiajiacb nod MoemoM. 

Ho MTOObl OHCIlHTb. HaCKOJILKO HenOHJITHBI H rpail/lHOjllbl MOryT ObITb no- 
.TOOirbic CTpainibic in CKTpo m a r n n tii bi c oopaao Banna. mo>kho npiiBecTH xopomo 
3a/ioKy m c n t npo b annbiii cbiynan. 06paTHTe BHiiMamie, KaK nocne KOHTaKTa c 
HenoHJiTHtiM npnponnbiM aBJicnnc\f Ha bcio >kh3hb McnacTca nciixonoriDi y ne- 
noBCKa. PlncbMO 6 bijio HanucaHO aBTopoM b Hciupajibnyio Komhcchio no aHO- 
MajIBHBIM JIBJieHIMM CCCP. 

“3 mo npou30iujio e nanane mom 1980 z. e Mapuucxou ACCP na Kyatcnep- 
ckom noeopome, zde aie3 c Mamumi, max xax nado duno examb do Cepnypa. JJ,o 
amozo iueji poemiu doatcdb, cunbHbiu. Honymnux nycmux mciuiuh ne dbino. Pde- 
mo oxojio 23 uacoe nodyji cujibHbiii eemep, Hazncuio nmotcejibix myn mejmozo 
ifeema, daawe Mpannozo neema. H mym 3aceepxami mojihuu, 3azpeMen zpoxi. 
Mojihuu e dyxeanbHOM CMbiene peanu ne6o na xy’cxu. HeoatcudcwHo xpaii mynu 
namji meMiienib u e eude xaruiu mxjiomijicn enu3. Hepe3 nexomopoe epejm ama 
xanm nan ana ceemumbca poioubi.M ceemoM u yeejiunueanibcn e paixiepe, a mo 
dbi.io y.nce okojio uacy hohu. M eom ona yeejiimujiacb do duaxiempa no npa- 
mou Mempoe 100 - 140 . Hue mu 6 biJia xpacnouamo-poiouozo u no l ieMy-mo deu- 
cmuoua.ia na Menu yznemawme. Onenb ydueuncn u c nomaca cmom nenod- 
euafCHo. Ozuenubiu map deuzancn 63ad u eneped, Mewuicn ezo ommenox u eom 
oh ecmaji. A eemep dun cunbHbiu c nopbieaMU, u daotce amo ne uieeejibnyjio map. 
Xomen duno nodoumu nodnuoice u ximymb e map xaxieHb, ho 6jiazopa3yjiiue 
odepawano eeepx. Paccmomue do Mem duno 240-300 m. Ho eom oh nodeunyjicn 
6jiuafce, xoirn eemep dyji doxoeou, u ocmanoeuncn ommb. H mym nonejity-mo n 
ucnyzancn, daotee nponomen, u Mne epode 6bi nodyManocb, nmo Mem usynaiom 
Hacxeo3b. Ho eom no odnoMy, no necxojibxo cpa3y nanajiu eumnzueambcn Ma- 
jienbxue mapuxu c (pymdonbuuu mhh, xomopue ompueancb, nemenu e pa3Hbie 
cmopoHbi, ho ommyda nemenu ecmpennue Monnuu u cnoxoimo enueanucb u uc- 
Me3anu e amoM mape. nocmenenno ece ymuxno, u doatcdb moatce. C pacceemoM 
map dnednen u dnednen u npu nonnoM pacceeme pacmam. Ympom yexan doMOU. 

HocmofiHHo dyMaw od amoM. Bo3mookho, mno ecmb mym 3azadxa. Odpa- 
3oeaemeecH none oxono mapa, da u com map npunifizueancn x amoMy Mecmy, 
xomopoe cex3aHo, eo3MoatcHO, c xaxuM-nudydb none3HUM ucxonaeMUM. B 03 - 
mookho, mno-mo u 3adbin nanucamb e demannx. Henenue duno m ebicome 10-15 
m. Hanumume Mne omeem. (1984 z.. 676080, z. Tbinda. Ajaypcxou odn., yn. 17-zo 
Cbe3da BJ1KCM 8, xatc.21, Hdbixoe Banenmun Anbtppedoeim.)” 

TaKHM o6pa30M, c otuioh CToponbi hmoom «Bcnnnanmcc .iocth/Kciihc neno- 
BenecTBa - 3HaM0HHTBie ypaBHefflia 3JieKTpoflHHaMHKH MaKCBemia», a c xipyron 
CTopoHbi - aocojnoTnaa 6ecnoMomHOCTt ncpc/i CTpannbiMH ajieKTpoMaraiiTHBi- 
mh >Ke HBneHHJiMH OKpy>KaK)meH Hac npnpoAti. 
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B 'i cm nee .neno!? Hto nee eme ohciib BaneHoro mbi He 3HaeM o 3aKOHax buck- 
TpoMarHeTH 3 Ma? noneMy ctojtb CTpaHHbiMH Kaneyrca rjul Hac npiipomibie bjick- 
TpoMarHHTHBie ABnemiJi? Ecno Hanoi npcncTaBJicni-ifl o 3 aKOHax sneKTpoMarHe- 
TH 3 Ma /jeiicTBiiTenBHO He nonHtie, to hto HMeHHO eme npiiHminiianbHO BaneHoe 
ynymeno b Haimix npeacTaBneHiuix 06 sthx 3 aKOHax? A Meneny TeM, b nacTOfl- 
mee BpeMa sneKTpoxiHHaMHKa MaKCBenna, cornacHO ocjHimianbHOH Hayxe, chh- 
TacTCH (|)yn,Ta\icnTOM Been coBpeMeHHOH (|)H 3 hkh. 

Ho ecjiii b Hamiix CQBpeMeHHbix ngggCTagjigHHgx o 3 aieoHax oneiexpoMarHe- 
TH 3 Ma neiicTBirrejiBHO hto-to vnvineHO, to 3 to vnvmeHiie 6t.mo cnenaHO, oie- 
biuiho, eme bo BpeMeHa MaiecBejina tr, MoneeT farm, . .. nanee caMHM MaiecBen- 
jom! 

Ho CTOiiT jin viipeicaib MaKCBenna, ecjm oh caM b CBoe Bpexia otkputo 
iipii 3 HaBaji. hto noiviemiaii hm ciicTCMa vpaBiiciniH i.icki no innaMiiKii lie 
HBJiaeTCH lio.iiioii [271. Cefigac, HaBepHoe, Mano kto 3HaeT, hto, HamicaB cboh 
3 HaMeHiiTbie ypaBHemia oneKiponiiHaMiiKii, MaKCBgnn 06HapvMC11.11, hto b othx 
ypaBHeHiinx Hcro-To He xBaTaeT. MaKCBenn micaii (a cneaoBaTenbHo, npenv- 
npenenan!), hto nojryHeHHaH hm CHCTexia ypaBHeHHH He HBJigeTCH npjiHOH, 
HTO OHa Heil[]HMeHHM;l. B HaCTHOCTH, flJlH CJIVHag He3BMKHVTblX TOKOB, OT- 

pe 3 K 0 B TOKa (h oeoSeHHo jjih ojhhohhbix 3 apgaoB). Ho HenoHUTHBie no cbo- 
eii npiipoae LLLapoBbie Mojihiih, HanpiiMep, ieaie pa 3 11 upeacTaBJMioT co 6 oh 
oaiiHOHHBie aBiiacymnecu sneicrpiiHecKiie 3 apnabi iijih crycTKii 3 apnaoB. Cneao- 
BaTejibHO, BimoTb no HacToamero BpeMemi Hamii lipeacTaBJieHiia o 3 aicoHax 
3JieKTpoMarHeTH3Ma jeHCTBHTenBHO 6biiih h ocTaioTCH orpaiiimciiHBiMii. HMeH- 
ho nosTOMy, OHeBiijHO, MHome npomneHiig 1 HM ii apyrux npiipoam>ix 3 JieK- 
rpoMarmiTHBix nBaemiii KaK pa 3 n QKa 3 t.iBaioTca aJin Hac crpaHHbiMii, 3 araao L i- 
hbimh ii aanee CTpammjMii. 

Bbibom ypaBHeHHH MaKCBenna ocnoBMBajicfl. b ochobhom, Ha iicxopiibix 
KoniieniuiMX Oapaaefl o peantHOCTii cymccTBOBaiiiia y MBii'/KymcrocH sjieKTpo- 
'iccKoro iapapa MarHHTHoro nonn, a TaKnee peantHOCTii cymccTBOBanna Mar- 
HHTHOH CHUOBOH JIHHHH H MaTHIlTHBIX BiailMOPCHCTBIlii TOKOB (KOHKpeTHO HB- 
jieHiui noncpc'inoro MarHHTHoro b ia hM opeii ctbh a ). Ho no.ivieHHhix b to Bpe- 
mh Oapaaeeivi TKcnepHMeHTajibHbix (Ikiktob, oneBnaHO, 6biJio eipe HeaocTa- 
tohho, ecjiH b ypaBHCHMHx MaKCBejiJia Bce-TaKH nero-TO eipe He xBaTajio. 
HeManyio OTpimaTenbHyio ponb b aneKTpoaoHaMHKe cbirpano h anpuopHoe ao- 
nymcniic caMoro MaKCBenna o npHMeHHMOCTH k 3JieKTpHHecK0My nonro 3a- 
Phaob TeopeMbi OcTporpaacKoro-Taycca He TOJibKO b CTaraKe, ho h b an- 
HaMHKe. H 3 - 3 a stoto rpy6oro nonymcniia sncKTponn11a mhK a KaK cjm 3 HHecKan 
HayKa npaKTHHecKii nepecTana cymecTBOBaTb, TaK KaK 6bina noziMeHeHa npocTO 
oziHoii nc(|)op\inpoBainioii sne kT poc t a thko ii. 
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OzinaKO bo BpeMeHa MaKCBenna Sbdih h3bccthbi yace h zipynic SKcnepn- 
m eHTajiBHBie (jiaKTbi h rrozixo/ibi. B 'iacTiiocTH. AMnepoM [28] Ha ocHOBe nony- 
neHHtix hm OKcnepuMeHTajiBHBix (|)aKTOB 6bina BM/iBHiiyTa npHMO npoTHBono- 
.io>KiiaH Koimcnmin, hto HHKaKoro ocoSoro Maniimioro no.iH h mariiHT- 
iibix cii.ioBbix .iiiiiiiii b npiipofle peajibHO He cyipecTByeT h see iiobmc 3<j>- 

(jieKTbl H HBJieHHH npH ZIBII/KCHHH 3apillOB CBH3aHBI npOCTO C /JHHaMHHe- 
CKHMH CBOHCTBaMH 3JieKTpHHeCKHX nOJieH 3apHAOB. KpOMe Toro, AMnepoM 
6 bijio 3 kc ncp hmci nanb no ycTanoBncno. 'no, KpoMe iionepeMin.ix viai HHiHbix 
chji B3aiiMO/ieHCTBiiH ABHHcyipHXCH 3apsi30B, cymecTByroT eipe h npoziojib- 
Hbie MarHHTHbie ciuim B3anMo,ieiiciBnsi [ 29 ]. Konnennnn AMnepa mi no He 
BnucbiBajiHCb b npHMeHeHHBiH MaKCBennoM MaTeMaTHnecKHH (])opMai[H3M 3ann- 
CH ypaBHeHHH Hcpci 3JTCKTpH'ICCKHC H MarHHTHbie nona, n03T0My, O'lCBH.THO. 
MaKCBenn He cmot noHan. cymecTBa npezinoaceffliii AMnepa, Meacziy TeM xax b 
3 thx npezinoacemiax AMnepa 6biJi 3anoaceH rny6oKHH cmbich, pacKpbiBaiomHH 
npHHHHbi orpaHHneHHOCTH nonyneHHOH MaKCBennoM cncTeMLi ypaBHeHHH 
sneKTpoziHHaMHKH. AMnepoM eipe b esoe BpeMH oi.i.io Bbickaiano ygHBH- 
TejibHO npo3opjiHBoe BbickaibiBamie, KOTopoe rjiacHJio, «...*rro ecjiH b 
3JieKTp0flHHaMHKe He OTKa3aTbCH OT nOHHTHH MarHHT . TO B flajIbHeiiuieM 
tto rpo3HT HeHMOBepHOH imamiHeM b TeopHH...». H TonbKo b HacToumee 
BpeMa, ocnoBbiBascb Ha o6meM aHanH3e TCopeTn'iccKnx h 3 k c n c p m m e man b n i>i x 
(jiaKTOB, yuaeTca y6eziHTbca b nonHon enpaBezinHBOCTH npeziynpeaczieHHH AM¬ 
nepa. KpoMe peanbHo cymecTByioinero y noKoamero aapazia sneRTpunecKoro 
nona, HHKaKoro cnennanbnoro "MarHHTHoro nojiH" y .TBiivKyincroca sneKTpn- 
necKoro 3apazia b /ic hot b h t cn b n o c t n He noaBnaeTca. 3 to to ace caMoe sneKTpn- 
necKoe none aapazia, ho yace HecKonbKo ncc|)opMnpoBannoc h H3MeHeHHoe (m- 
BecTHbie scjxjieKTbi 3ana3ZlbiBaK)iTiHX noTeHunanoB!) 3a cneT ero ziBiiaceHiia b 
cpezie c|)H3HHecKoro BaKyyMa. CneziOBaTenbHO, b ncxoziHbix <|)H3HHecKHX npezi- 
nocbiJiKax sneKTpoziHHaMHKH MaKCBenna ^encTBHTenbHO 6binn 3anoaceHbi 3aBe- 
ZiOMO oiriHOO'nibic iicxoniibic Konnennon. MaKCBenn OKasanca 3anoacHHKOM yc- 
TaHOBHBHiHxcn cine no Hero h npn HeM o 6 hihx orpannncnnbix npeziCTaBnenoH o 
3aKOHax 3neKTpoMarHeTH3Ma. KpoMe Toro h mm no caM MaKCBenn CTan bhhob- 
HHKOM BBe/ieHHJI B 3nC K T p OZl HII3MHKy OIlIHOO'IIIblX npCZlCTaBnCHHH O HeH3MeH- 
hocth CTaTH'iecKoro coctojihhji 3apazia h ero aneKTpn'iccKoro nona b coctoshihh 

nOKOa H ZIBH'/KCIIHSI. 

Ho npaKTHnecKaa iicooxomiMOCTb rpe6oBana ot ([ihihkob pemeHiia aa/ian 
He TonbKo zjna 3aMKHyTbix tokob, ho h KaK zina cnynaeB He3aMKHyTbix tokob h 
OT pe3KOB TOKa, TaK h zina cnynacB oTzienbHbix ziBHacymuxca oneKTpimecKHX 3a- 
pazioB. B MaTexiaTHKe xoporno H 3 BecTH 0 , hto jiioQbie npopexH d)H 3 H*iecKHx 
TeopHH (HeTOHHOCTb h oiHH 6 oHHoeTb b HCxoziHbix npennocbiJiKax) BCerfla 
npHxonHTcg jiaTaTb 3 anjiaTaMH MaTeiviaTHHecKoro jiopiyiajiiTTvia h coBpe- 
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vieHHhie viaieviaiH'iecKHe vieio n.i tj i e kido,i hh a mhkh iipe tcuiB.iii 101 coooii 
floCTaTQHHQ HauiH iHi.iii npHMep 3T0MV, TaK KaK ia.iaiamiati h 3aiuTonaH- 
Hag TeopHg no-npeacHeMy ocTaeTca h npoTHBopeHHBQH h He MeHee napa- 
AOKcajibHOH. Hcnoni>3yg BcaKoro pona MaTcviaTH'iccKHc noncTanoBKH, Haicna- 
TBiBaa npoH3Boni>Hi>ie TononHHTenBHBie ycnoBiia, HopMiipoBKH, Kann6poBKH, 
BBOflJI IIITpHXOBaHHBie KOOpZIHHaTBI, CneilHajIBHyiO S-cjtyHKHHIO H T.#., (|)H3HKaM 
hhcto (J)opMajiBHBiMH MeTO/jaMH yuanocB «HaTgHyTB» ypaBHemia MaKCBenna h 
Ha 3tot Kpyr 3aBC.no mo ncpcmacMBix stoh Tcopneii 3aran, nonyHHB petynBTaTBi 
pememiH, riponc obi, cooTBeTCTBytonme 3 kc n cp hmc irran b h bim naGnionciiHHM. 

HanpuMep, nonycTHM, hto HaM hcooxothmo c noMomino chctcmbi ypaB- 
Heffliii MaKCBenna peniHTB npocTCHinyio 3anany - onpcncJTHTB b 3a,3ainioii toh- 
Ke iiaomoTCiiHT HanpaaceHHOGTB MarHHTHoro nona ot o.THiio'inoro nBHVKymcro- 
ca japa/ia. 3an,ana npocTeimiaa, onnaxo ypaBiicima MaKCBenna k t3koh sananc 
npnHuunnantHO HenpiiMeHHMBi (sto onpenennn eme caM MaKCBenna!), TaK KaK 
div A Him 3toto cnynaa HenB3a nononciiTB paBHoii Hynio. J\jul toto hto6bi «Ha- 
TJiHyTB» ypaBHemia MaKCBenna Ha 3Ty saBcnoMO HepemaeMyio Jinn sthx ypaB- 
HeHHH oonacTB c Hcnoni>30BaHHeM hhcto MaTeMaTiinecKiix (|)op\ianbiiBix Mera- 
TOB OKaiBiBacTCJi iicooxo.thmbim Tamiyio npocTCHinyio 3arany npeTBapiiTCTBiio 
h ueneHanpaBneHHO (nnn yMBimnemio!) ycnoncmiTB. OKa3BiBaeTca, cornacHO 
(J)opMani>HBiM Tpe6oBaHHJiM, hcooxothmo npennonovKHTB. hto Banana y Hac He 
npocTeimiaa, He othhohhbih tbh'/K\thhhcsi sapan, a ijenaa cucTeMa sapanoB. 
KOTopan npn CBoeM tbh/Kciihh o6pa3yeT, k TOMy ace eme, 3a\iKnyTBic tokh. B 
3tom cnynae, npHMeHHTentHO k 3aMKHyTBiM TOKaM, ypaBHemia MaKCBenna OKa- 
3BiBaioTCH ynce npiiMcniiMBiMH h b 3 tom cnynae 0Ka3BiBaeTca bo3mo>khbim Hano- 
>khtb eme flonojiHHTejibHoe (|)opi\ia.iLiioe ycnoBne, hto div A = 0. ITpn stom 
CHCTeMa ypaBHeHHH MaKCBenna nenco cbothtch k ypaBHeHHio Flyaccona jinn 
BeKTopHoro noTeHiinana A, pemeHHe KOToporo 0Ka3BiBaeTca yace bobmovkiibim, 
ho 3to pemeHHe, Boo6me to, jinn chc icmbi othhohhbix TBiivKymiixcji no 33mk- 
nyToii KpiiBon sapanoB. /Jance, jinn Haxoacremia pememia jinn cnynaa othiioh- 
hoto .TBH'/KymcrocH sapana, 0Ka3BiBaeTca iicooxo.thmbim ncnoTBiOBaniic eme 
MaTeMaTHHecKH-adcTpaKTHoro (|)op\ianH3Ma iriTpiixoriainiBix Koop.THiiaT h 8- 
(JiyHKijHH, c noMoiriBio KOToporo KaK pa3 h iiaxoTHTca oKOHHaTenbHoe pemeHHe 
jinn MarHHTHoro nona ot o.THiio'iiioro t b h vk y h i c r o c h sapana. ITocne Haxoaytemia 
nonooiioro pememia jinn BeKTopHoro noTcimnana A o.THiio'iiioro nBiincymeroca 
3apana c novioiHBio 'iacTiioii nponiBOTnoii rot A mbi tchctbhtctbiio iiaxo.THM 
riBipa>KciiHC jinn MarHHTHoro nona H b TOHKe HaoniOTCiiHsi nna OTiino'iHoro 
TBHacymeroca iapuna. Bonee Toro, KaK sto He y.THBHTcnBiio, HaiiTCiiiioc riBipa- 
vkciihc riponc 6bi TciicTBHTcnBiio cooTBeTCTByeT 3 k cnep hm e11Tan b11bim iiaomoTC- 
himm. Bne'iaTneiiHC TaKoe, hto mbi KaK oy.TTO TciicTBHTcnBiio Haninn npaBHnB- 
Hoe pemeHHe cucTeMBi ypaBiiciinii. OnuaKo b MaTeMaTHKe xopomo H3BecTHo, 
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hto npaBHJiBHOCTB peineffliji nioSoro ypaBiicnrin mo>kho npoBepiiTB mctotom 
no^CTaHOBKH b HCXo.Tiroc ypaBHemie naiincnnoro pcmcnna. TaK bot, npocTaji 
npoBepica noKa3BiBaeT, hto ecnn iiaiincimbiii b nponcccc pcmenna chctcmbi 
ypaBHeHHH pcaynbTaT - Manimnoc none H, noncTaBHTb b ncxomibie ypaBiieima 
MaKCBenna, to mbi odHapymiM, hto npanaa nacTB ypaBHeHHa He paBHa neBon. 
PIpoBcpKa noKa3BiBaeT, hto penicillin cncTeMBi ypaBHeHHH MaKCBenna c ncnonB- 
30B3HHeM nO.TOOITblX (J)OpMajIBHBIX MCTO.TOB He HBTHIOTCH BepHBIMH. /JcnO B TOM, 
hto b nponcccc pemeHiM b cucTeMy ypaBHeHHH 6bijih BHeceHBi H3MeHeHHJi - 
Hano>KeHO TonomiHTcnbiioc ycnoBHe div A = 0, o/inaKO o6paTHO 3th H3MeHeHim 
He 6bdih hsbhtbi, Tax KaK 3toto b npininnne cnenaTB hcbo3mo>kho. TaKOBBi pe- 
3yJIBTaTBI HHCTO (|)OpManb 1 10 - M3TCM3T HH CCKHX MCTO.TOB BBIXO.Ta H3 OTpaHHHeH- 
hocth HCXOTiroii cncTeMBi ypaBHeHHH MaKCBenna. Eonee toto, ecnn nocne no- 
TODiioro pemeHHJi ypaBHeHHa IlyaccoHa Tnn nonn BeKTopHoro noTeHunana A 
nonbiTaTbCH b3htb eme h BTopyio npocTpaHCTBeHHyio npoHiBonnyio div A stoto 
BeKTopHoro noTcnnHana (bchomhhm, hto b noiiOJiHineJibHbix ycJiOBHHX nna 
o6mero BeKTopHoro noTenniiana A HCKyccTBeHHO Obino nano/Kcno ycnoBHe div 
A = 0 !!!), to Heo)KHTaHHO o6Hapy>KHBaeM, hto div A OKaibinacTcn yace CHOBa 
He paBHoii Hynio div A A 0 , t.c. nocne pemeHiin mbi nonyHHnn pe3ynBTaT, koto- 
pBIH OTpiIIUlCT HCKyCCTBeHHO BBCTCimOC H3MH >Ke npCTBapHTCnbllOC TOIIO.IHH- 

TejibHoe ycnoBHe. 

OniraKO Bbi.TaioiHHMCsi OTKpBiTHeM MaKCBenna nBJiaeTcn TaKace to, hto b 
npaByio nac'Tb cbohx ypaBHeHHH, KpoMe tokob nepeHoca, hm bbctciibi cTpaHHBie 
TOKH CMemeHHJI, O (J)H3HHeCKOH CymHOCTH KOTOpBIX (j)H3HKH CnOpjIT TO HaGTOH- 
mero BpeMeHH. MaKCBenn nonaran, hto tokh CMemefflin npencTaBnnioT co6oh 
peanBHyio tchctb HTcnbiiocTb. T.e. peanBHBie tokh cMcmcnna b 3(|)npiioii cpcnc. 
Ho nocne toto, KaK b (J)H3HKe BOCTopacecTBOBana KOHiienimn «nycToro npo- 
CTpaHCTBa» A. AiiniriTeiina, tokh cmciuciihji nonHOCTBio noTepnnn cboio (|)H3h- 
necKyio cymHocTB. 

CornacHO coBpeMeHHBiM npcTCTaBncnnaM, H3BecTHO, c OTnoii ctopohbi, 
hto tokh CMemeHiM npencTaBnaioT co6oii i|)H3HHCCKyio peanBHOCTB, TaK KaK 6e3 
hhx HeB03M0)KH0 noHJiTB padoTy npocTeninero KoiiTcncaTopa, c npyroii ace cto- 

pOHBI, TOKH CMemeHHJI - 3TO Ma TC M a T H l I C C K a H (J)0pM3nBH0CTB, KOTOpajI He HMeeT 
(J)H3HHeCKOH CymHOCTH H C riOMOIHbIO KOTOpOH OKaibIBaCTCH B03M05KHBIM C.TC- 
naTB ypaBHeHHJi MaKCBenna CHMMeTpiiHHBiMH (cm. napcenna 3., JleBHHa B.F.). 
C O.Tiroii CTOpOHBI, M3THHTHBie CBOHCTB3 TOKOB CMemeHHJI npHHHMaiOTCJI 3KBH- 
BaneHTHBIMH M3THHTHBIM CBOHCTB3M TOKOB nepeHOCa, TaK KaK "3TH TOKH O.THIia- 
kobbim o6pa30M bxotjit b npaByio nacTB ypaBHeHHH MaKCBenna" (cm. TaMMa 
H.E.). C npyroii ctopohbi, xiarHinHbie nojiH tbh/Kviuhxcb sapa.ioB Bcer.ia 
onpenejiaiOTeH noneiviy-TO tojii>ko i iepe3 othh tokh nepeHoca, KaK Sy^TO 
tokh CMeipeHHH npH 3 tom boo6uic OTcyTCTByiOT. Ecjih ace npn pciuciiiiii 



Ot aBTopa 


55 


ypaBHeHHii ynecTb eiue MarHHTHbie nojia h ot tokob cmcihciihh, to ajih 
M arHHTHoro nojiH nojiynaeM y^BoeHHoe 3HaneHHe, hto HeaonycraMO. OxjHa- 
ko, b to >Ke BpcvfH, 3anncB ypaBHeHHH MaKCBenna Boo6me 6e3 tokob cmciuciihsi 
OK a3anacB b npnimunc ncBOiMOVKHOH. 

B HacTOJimee BpeMJi (])H3HHeGKaa cyirniocTB tokob cmciuciihsi. Bpo.TC 6 bi, 
CHOBa BOipO'/K^aCTCJI B CBH3H C o6lIIHM npH3HaHH0M Ba)KHOH pOJIH CpC/IBI (j)H3H- 
'iccKoro BaKyyMa bo Bcex ojieKTpoMarHHTHBix HBJieHHJix. O.inaKO, TeM He MeHee, 
pemeHHH ypaBHeHHH VtaKCBcnna ncpci tokh CMcmeiiHa (no iipHHumiy 6jih3- 
KO.reftci bhh) b (|)H3hkc no-npemieMy He nail/icno h MarHHTHBie non a naxo.iHT- 
cji toubko 'icpci o.tiih tokh nepeHoca no He(j)H3HHecKOMy iipHHumiy /la.ibno- 
aencTBHH. 



H3BecTHo, hto b npocTpaHCTBe okojio .TBH'/Kymcroca iapn/ia hjih sneMeHTa 
TOKa tokh CMCiHcnna 3aMBiKaioTCJi Ha TOKe nepeHoca (pnc. 1). FIpi-i'icM b jiio6oh 
TOHK e npocTpaHCTBa N bcktop nnoTiiocTH TOKa CMcmeima j(r), b ooiucm, iic 
coBna/iacT c HanpaBneHneM .tbi-ta'ciihsi iapjtna. TaKHM odpatoM, b sa/iannoft 
TOHKe npocTpaHCTBa N Mbi MoaceM onpe^ejinTb Kan HanpnvKeHHOCTb Mar¬ 
HHTHoro nojiH H(r), TaK h BejiHHHHy eooTBeTCTByiomero eft TOKa cmcihciiiih 
J(r). H, TeM He MeHee, HecMOTpa Ha to, hto noHjmie TOKa cmciuciihh b sucKTpo- 
ZlHHaMHKe H3BeCTHO /laBHO, /TO IiaCTOHIHCrO BpeMeHII BO BCeX npaKTHHeCKHX 
cnyHanx MarHHTHbie nona b TOHKe Ha6:no,neHHJi HaxoxiflTCJi toubko no npiiHunny 
TiajiBHo/ieHCTBHJi nepe3 tokh nepeHoca. 

ricpBaH >Ke nonbiTKa BBipa3HTB MarHHTHoe none ncpci tokh CMememui 
npHBena k BecBMa neo'/KH.iaimoMy pe3ynbTaTy. Bbi.io ycianoB.iieiio [13-16, 30, 
31], hto TOJibKO oflHa aKciia n.iiaa KOMnoHeHTa BeKTopa hjiothocth TOKa 
cmcihciiiih J| CM (r) b TOHKe HadjiroaeHHH nojiHOCTbio onpe^ejiaeT H3BecTHoe 
b HayKe BeKTopHoe MarHHTHoe none Hj_ 
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Hj_(r) = 2J\\ CM (r )/r 0 , 

HJIH 

Hi=^[VxE], 

Meacay TeM KaK oeiaBiiiaiioi pa iiia.ii.iiaa KOMnoHeHTa Beicropa iuiothocth 
TOK a cMcmcinia Jj_ CM (r) onpeaejiaeT codoii cymecTBOBaHHe b 3toh ace TOiice 
HaSjiioaeHHH N eipe oaHoro Biiaa HeH3BecTHoro paiiee b Hayice CKajiapHoro 
MarHHTHoro nojia H 

H||(r) = 2J l CM (r)/x 0 

HJIH 

H||=^(V-E). 

CjiedoeamejibHO, e Jiwdou monxe npocmpaucmea okojio deuztcyufezocfi 
3JieKmpimecKoeo 3apnda cyufecmeyem dea euda MazHumnozo ncvw, a ne odim, 
kcik 3>no npednomzciJiocb MaxceejuiOM u OapadeeM. M eom mojibxo menepb 
cmanommcn onpedenenno nommHbiM, e neM 6biJia ozpammeHHocmb cucmeMbi 
ypaenenuu Maxceejuia. 

Eonee Toro, aHajioriiHHtra pe3yni>TaT cymecTBOBaHiia arsyx bhhob MarHHT¬ 
Horo nona b npocTpaHCTBe okojio aBiiacymeroca aneKTpHHecKoro 3apaaa MoacHO 
nonyHHTB cpaacy ace, ecnn Hcnoni>30BaTB H3BecTHtiH b aneKTpoanHaMHKe (J)op- 
M3JIH3M nona BeKTopHoro noTeiinHana. H3BecTHO, hto b npocTpaHCTBe okoho 
aBHacymeroca aneKTpHHecKoro 3apaaa HHayunpyeTca none BeKTopHoro noTeH- 
unana A(r), npuneM BenHHHHa BeKTopHoro noTeHunana aBnaeTca (JiyHKHHeH 
C(J)epHHeCKH CHMMeTpHHHOH. 



Phc. 2 
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Ecnn onpeaenHTt onny npocTpaHCTBeHHyio npoH3Bonnyio nonn BeKTopHO- 
ro noTCum-iana rot A, to mbi naxo.THM H3BecTHoe b HayKe BeKTopHoe Manmnioc 
none H ± . PIpn'icM b npocTpaHCTBe OKono aapapa H3BecTHoe BeKTopHoe Marain- 
Hoe none pacnpeneneHO, b ochobhom, b pannanBHOM ot nBiDKymerocn 3apnxja 
HanpaBneHHH (puc. 2), vicnc/iy TeM KaK no HanpaBneHHio .ibh/Kchuh sapspa n 
npoTHB H3BecTHoe BeKTopHoe MamuTHoe none H 0Ka3BiBaeTCJi paBHBiM Hynio, 
xotji iiiaHcime BeKTopHoro noTcnnnana A b stom HanpaBneHHH ocTacTca He 
paBHBiM Hynio. Ho b MaTeMaTHKe xoporno H3BecTHO, hto o^Ha npocTpaHCT- 
Beinian npoii3Boniian eme He onpenejuieT BeKTop A nojiHOCTbio, nona He 
onpeneneHa eipe h BTopan npon3Boniiasi ttoto BeKTopa, to ecTb div A . Oxa- 
3cuiocb, mno om nmdozo deuoKy’mezocn 3apnda (a maxotce om xneMeuma mom u 
He3QMKHymozo mom, m.e. e mex cnynanx, o mmopux xax pa3 npedynpeowdan 
eme Mameejui!) emopan npoiaeodnan om eexmopnozo nomeuifuana A deuoK}’- 
ufezocn 3apnda, xax u3eecmno [32], maxowe He poena nyjuo div A = H\\ & 0. M, 
donee mozo, div A = H\\ ^ 0 imeem po3Mepnocmb spcmedu (xax dim odbmnozo 
eexmopnozo Mazmmmozo hojih!) u onpedemem codoii cyufecmeoeanue oxojio 
deuztcyipezocH 3apnda eufe odnozo, Hemeecmnozo panee e nayxe, cxannpnozo 
MazHumnozo nonn H\\. TlpimeM cxampnoe MazHumnoe none e npocmpancmee 
oxono deuMcymezocn 3apnda pacnpedememcn, e ochobhom, no Hanpaenenuio 
deiiDKemin u npomue, zde xax pa3 omcymcmeymn odbimbie eexmopHbie moz- 
Humnbie nonn deuoKymezocn 3apnda. 

H TonbKO coBMecTHO BeKTopHoe h CKanapHoe ManiHTiibie nonn /raioT, Ha- 
KOHeu, o6mee npcncTanjicnnc o noninax ManiHTiiiax crsoi-icTrsax nio6oro hbh- 
/KymcrocH sneRTpunecKoro sapapa. Ilocne onpencnciiHH o6mnx ncxonnbix koh- 
uenunH o nonHtix Mann-mibix cBOHCTBax nBHJKymeroca sneRTpimecKoro 3apn- 
pia, pa jpcmaioTCfl npaKTunecKH Bee H3BecTHBie npoTHBopemui h napa/ioKCbi b 
coBpeMeHHOH snc kt pon hi r a mhkc xax b tcopcthhcckom, Tax h b 3KcnepHMeH- 
TantHOM nnaHe [30,31]. 

ripevKHC Bcero, npn yncTe cymccTnorsani-m BToporo BH/ia vianiHTnoro nona 
paipcinacTCH. HaKOHeu, H3BecTHBiH b (|)H3hkc napa/ioKC c HapymeHneM 3-ro 3a- 
KOHa MexaHHKH b snc kt pon h 11a mhk e b cny'iac b 3 an Mone hctb mi nfiyx HBi-rncy- 
ihhxch no B3aHMHO nepneHnHKynnpHBi m HanpaBneHiniM sucKTpi-i'iccKHX sapH.noB 
(nnn nnyx nepnciinnKynnpiibix sucmciitob Toxa). B cBoe BpeMn c[)H3hkh 6bmh 
nocTaBneHbi nepen cjtaKTOM noncKa BBixona H3 o6Hapy>KeBmeHC5i napanoKcanb- 
hoh CHTyaiiHH. HexoTopBie (|)H3 hkh 6BinH Bbiny'/Knciibi cornacHTBcn nance c B03- 
MoncHocTBio HapyuieHHJi 3-ro 3aicoHa MexaHHKH b sne kt pon hi ra mhk c. OnuaKo 
BnnoTB no nacTomncro BpeMeHH 3Ta napanoKcanbiian eHTyaipia b (|)H3hkc TaK h 
ocTanacB He pa3pemeHHOH. B momcht, Kor/ia npooiibiii sneKTpHnecKHH japan 
iiaxoni-iTca Ha TpaeKTopHii HccncnycMoro, to Ha npo6HBin aapan hhk3koh Mar- 
hhthoh cnnBi He neilcTByeT, TaK KaK no HanpaBneffliio nBimceHiin iiccnenyeMoro 
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3apana oObriiioc BeicropHoe MaraiiTHoe none OKa3BiBaeTca pa bi ilim Hynio. B to 
B peMa KaK co cTopoHti npo6Horo 3apana Ha HcenenyeMBift japan nciicTrsycT He 
paBiiaa Hynio noncpcniaa cnna JlopeHua. Oonapy>KHBacTca rpyociimcc Hapy- 
rneHne 3-ro 3aKOHa MexaHHKH paBeHCTBa cnn nciicTBiia h npoTHBonciicTBiia! Ho 
KaK pa3 no HanpaBJieHHio iiiii/Kcnmi nccnenyeMoro 3apjina ero BTopoe CKa- 
jinpHoe MarHHTHoe none H 2 || HMeeT viaKciiMa n.iioc 3HaneHHe (cm. pnc. 2), 
B03flencTBne KOToporo Ha npoSHBiii 3JieKTpH*iecKHH 3ap«n, KaK noKa3BiBa- 
k»t pacneTbi, C03naeT paBHyio n npoiiiBono.io'/Kuo HanpaBJieHHyio npo- 
nojiBHyio cnjiy pcaKnnii. b nojrnoM cootbctctbhh c 3-m iaKOHOM MexaHHKH. 

flo nacToaincro BpeMemi b oneKTponnna mhkc iiaKonnnocB orpoMHoe Konn- 
hcctbo pcanbiibix 3neKTpo\ianiHTiibix cucTeM, ncHCTByiomnx vioncncii h ycT- 
poHCTB, oobuciiciihc pa6oTocnoco6HocTH KOTopux ocnoBBiBacTca Ha nonyme- 
hiih bo3mo>khocth HapyiueHHJi 3-ro 3aKOHa MexaHHKH b vianiHTiibix njaiiMoncii- 
CTBHJIX TOKOBBIX 3HeMeHTOB. CoTHII T3KHX nCHCTByiOIHHX yCTpOHCTB 6binH 
npcnnovKciiBi c|)cprancKn\i (|)h jhkom CnranoBBivi P.H. [33], onnaxo ncnpoTHBo- 
peniiBoe ooi.acnenHC Bcex sthx aKcnepiivieiiTOB oKa3anocb bo3mo>khbim TonbKO 
npn nonymeHHH cymecTBOBaHiia eme onHoro BHna MarHHTHoro nona h eme on- 
hoto BH/ia npononbiioro vianiHTiioro B janMonciicTBua. OnncaHHH mhoi o'ihc- 
neHHbix hobbix HBJieHHH 3JieKTpoMarHeTH3Ma mo2kho HaiiTH b paSoTax npy- 
rnx aBTopoB [35-54]. 

flonymeHHe cyinecTBOBanna eme onnoro Buna CKanapnoro MarHHTHoro 
nona HBiivKymcroca 3apana pa3peiuaeT naBiio irjBCCTiibiii b <])H3HKe, h Taxace He 
pajpcmciinBiii no HacToamero BpeMeHH, napa/iOKC c KinieTH'iccKoii sncprncii 
HBHVKyincroca japana sneKTpona. CyTB jToro napanoKca aaKnionacTca b tom, 
hto npn ycKopeHHH ancKTpona no CKopocTH V, jaTpanuBacTca pa6oTa A = Ue, 
ToacnecTBeHHO paBHaa npnoopcTacMoii sncKTponovi khiicthhcckom anepriin W K 
= mV 2 12. OnHaKO npn ckopocth V y nBiincymeroca 3apana aneKTpoHa, KaK H3- 
BecTHO, noaBnaeTca eme nononniiTcnBiiaa sncprna MarHHTHoro nona W K . paB¬ 
Haa Wh = (2/3) Wk, Ha co3naHHe KOTopoii pa6oTa npn ycKopeHHH 3apana He 6bina 
3aTpaneHa. ®h3hkh bhobb obi.iii nocTaB.ieiiBi nepen (jiaKTOM HeoSxonHMO- 
cth noncKa BBixona H3 napanoKcajiBHOH cniyannn. Hto obi pa3peuiHTB napa- 
noKC, b CBoe BpeMa, b i])H3HKe 6bdio nonymeHO, hto 3Heprna W H MarHHTHoro 
nona sneKTpoHa nonHOCTBio BxonnT b KHHeTHHecKyio SHeprnio W K aneopoHa. 
FI pcnnpnn h viannc b nonBiTKH H3MeHeHiia pacnpencnciiHH nnoTHOCTH 3apana b 
o6i)C\ie sncKTpona, onHaKO ToacnecTBa nonyHHTB He ynaBanocB. KpoMe Toro, 
npn yKa3aHHOM BBirne nonyineimn HapymanacB iicnbiiocTb TeoperaHecKoii mo- 
ncnn sneKTpona, TaK KaK Heo6xonHMO Obino nonycTHTB, hto Macca ancKTpona 
TonBKO Ha 1/3 aBJiaeTca hhcto MexaHHHecKOH, a Ha 2/3 KaKOH-TO sneKTpoMar- 
hhthoh. J\jul BBixona H3 C03naBineHca napanoKcanBHoil CHTyanim b CBoe BpeMa 
OpciiKencvi Obino BBicKa3aHO nonymeimc [34], hto Macca ancKTpona He Mac- 
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thhho, a iiOJiHOci hio 3JieKTpoMarHHTHoro npoHCXovK.acnna. onnaKO b paMKax 
H3BecTHBix npeflCTaBJieHHH /io nacTcmmcro BpeMemi Tax h He naii/iciio TO'inoro 
eooTBeTCTByiomero paBeHCTBa. B to BpeMJi KaK iipn yieie 3HeprHH CKajiup- 
Horo MarHHTHoro nojia ABHacymeroca 3apn,aa stoto ace 3JieKTpoHa, nocjiea- 
hhh OKa3biBaeTCH KaK pa3 paBHoii SHeprim fV H = (1/3) fV K , h jierKO ycraHaB- 
jiHBaeTCH neodxo/iHMoe l oac.Tec i BO Bii.ia W\\ = fV K . BaacHOCTb ycTaHOBJieHiui 
3TOTO TO'/K/ICCTBa JSflfl (|) y H/jaM eHT ajl b HO H (J)H3HKH OKa3ajiaCB OTpOMHOH. Do CBO- 

eii npnpoae Macca »i 0 3JieKTpoHa oKaia.iacb, KaK h npe^nojiaraji OeiiHMaH, 
nojiHOCTbio jjieKipoMai HHiHoro npoHCxoac/ienHH. Ho H3 /lamioro BbiBona 
HenocpezicTBeHHo cncnyeT cmc 6onee ([lyimaMcnTajibiibiH bbibo/i, hto npimmin 
3KBHBajieHTH0CTH MexaHHiecKOH rpaBiiTamioiiiioii h iiiiepuiioiiiioii xiacci.i 
b npiipone b aeiicTBHTejibHOCTH He BbinojiHaeTea. 

CuC/iyCT OTMeTHTB, HTO C BBC/ICIIHCM B (|)H3HKV nOHSTHfl OJieKTpOMaTHHTHOH 
HHepunoHHOH Maccbi HapymeHHe npiiHunna 3KBHBajieHTHOCTH CTano, c (J)H3HHe- 
ckoh to'ikh ipcnna. o'icbh.tiibim. fleno Bee b tom, hto rpariHTaiiHoiinafl MexaHH- 
'iccKaa Macca h ee uncpiinoniiBic CBoiicTBa aBJiaioTca jihhchiibimh (|)ynKHHsiMH 
ot KOJiHHecTBa nacTHU, x-icacny TeM KaK HiicpiiHOimaH 3.3 e kt p o m ani ht na h Macca 
aBJiaeTca yace HenHHeHHOH cjjyHKHHeH ot KOJinnecTBa nacTHU, npHOnnacaacb b 
npe/iene k KrianpaTH'inoH (|)vhkhhh. HaiipiiMep, ,necn 11 > 'lacimi c m ex a hum e- 
ckoh Maccoii m 0 dynyT HMeTb oduiyro Maccy 10»i 0 , Meacny TeM KaK aecHTb 
3JieKTpoMarHHTHbix Mace m w 3 a cneT 3HeprnH nepeKpecTHoro B3aHMoaeii- 
ctbhh MarHHTHbix nojieii 3apaaoB nanyT odmyro HHepnHOHHyio 3JieKTpo- 
MarHHTHyro Maccy M m » 1 T.e. iiopa/uca 100»i 3 „. J\jul peanbHbix open, 
HMeiomux iiia'iHTC^Biio 6onbinyio nnoTHOCTb 3apn>K'ciiiiBix 'iacTHii. sneKTpo- 
MarHHTHaa micpnHOiiiian Macca hx xroaccT Ha /icoitkh nopn.TKori oTJiHHaTbCJi ot 
MexaHHHecKOH rpariHTaiiHoiniOH Maccbi. HanpHMep, b KpHCia.i jih m ec ko ii pe- 
rneTKe npoBonHHKa iiiicpuuoiiiiaH 3JieKTpoMarHHTHaa Macca oahoto sjick- 
TpoHa npoBO^HMOCTH 3KBHBajiCHTHa rpaBiiTauiioiiiioH Macce nopaaKa 10 7 - 
10 8 Macc npoTOHOB, to ecTb MoaceT npcBbimaTb MexaHnnecKyio Maccy m 0 
3toto ace 3JieKTpoHa dojiee hcm b 10 14 pa3 [1, 11, 30, 31]. 

OtJTHHHH MCXailH'ICCKHX H 3JieKTpOMaTHHTHbIX MaCC JJICKTpHHCCKHX iapH- 
noB OKaiBiriaioTCH 6onee mcm t|) a 1 1 t ac ti-i h ec kh \i i-i. o.TiraKO TyT ace B03HHKaeT bo- 
npoc, HacKOJiBKO Bee 3to peanbHO? B npaKTH'iccKoii cBoeil /ichtcjibiiocth mcjio- 
BCHCCTBO, ripO.TC 6bl, flBHO He CTajIKHBajIOCb C nOHOOIlBIMH HBJieHHJIMH, HO BOT 
HeKOTopbie npupo.THBie sneKTpoMarHHTHbie aBnemia hii 0171a nopaacaioT Hac 
CBOHMH CTpaHHLIMH npOJIBJieHHJIMH. BcnOMHHTe OnHCaHHblH Bbinie THTaHTCKHH 

OTHeHHbiH map pa3MepoM 100-140 m, KOTopbiil naace npn chubhom 6okobom 
BeTpe CToan Ha MecTe iicno.TBuacuo! 

KaK noKa3biBaioT MHoroHHCneHHbie iiao^iopcimsi [56-78], OonbmuHCTBO 
HIM Boo6me He HecyT Ha ce6e sneRTpunecKoro iapuna, ho KaKHe-To cTpaHHbie 
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aneKTpoMarHHTHBie aBneHiM h cnnoBtie scjjcjjeKTbi npn stom ztencTBUTentHo Ha- 

SniO/iaiOTCJI. ITo MHOTOHHCJieHHblM Ha6lHO,HeHHJIM H OHeHKaM (|)H3HHeCKHX 3(j)- 
(jjeKTOB BO'j/ICHCTBHSJ Ha paCCTOJIHHH, IICKOTOpBIC HIM JIBJIJHOTCJI HCTOHHHKaMH 
CHntHenmero MarHHTHoro nona, HanpaiKeHHOCTB KOToporo nocraraeT HecKont- 
KO TICCflTKOB H COTeH MHJIJIHOHOB TayCC, KOTOptie /ICHCTBHTCJTBnO CnOCODIIBI C03- 
RasaTh cooTBeTCTByiomne MomHtie cnnoBbie 3cj)cj)eKTbi. 

Odnaotcdbi LUM pa3MepoM e 0,5 m (aiyuau U3 apxuea Cu6 HUU, AH, 3anu- 
cciHHbiu aemopoM) 63opeajiacb Had depeebHMU e Jiecy na paccmonnuu 200 m om 
eodumenn, cudeeiuezo e Matuum. llocne 63puea LUM e cajione 3anaxjio zope- 
jibiM. Om3anocb,mno om cwibHoeo undyifupoeannozo mom e npoeodnumx ae- 
moModum nojiHocmbw pacruiaeujiucb m emajuiunecme oneMenmu 3ajitm 3 ooku- 
zanun. Mookho cdejiamb zpydyio oifenuy, muou eejiunuubi donotcen 6bimb um- 
nyjibc MazHumnozo nom LUM, nrnoObi na paccmonnuu 200 m dunu mame mou(- 
mie stpcpeumbi eo3deiicmeun om nezo. 

Hjiu dpyzoii cpaenumenbnbiu cjiynau. CwibHbiu Maznum u3 nuoduM-3fcene30- 
6op eecoM e 0,5 kz imeem ocmamomiyio undyutfuio nopndm 1,5 Tji. Cifewienubiu 
c KaKUM-Hudydb otcene3HbiM npedMemoM omom Maznum neeo3M03tcno omopeamb 
om 3icejie3a pyKcmu. Odnauo, ecmt 3mom Maznum nodnocumn k pymM ujiu 63nmb 
e pym, mo nummx oufyufenuu nenoeeu ne ucnbimbieaem. Meotcdy meM pacne- 
maMu mookho nom3amb, nmo e rnene nenoeem npu nodnecenuu mauozo ctuibno- 
zo Maznuma donotcnu undytfupoeambcn mpueuajibubie moxu @ym. Odnano omu 
mom, daotce om mauozo Moufiiozo Maznuma, nacmojibKO mojiu, mno nenoeeu ux 
ne oufyufaem. 

ffjm cpaenenun, e 3adoKyMenmupoeanHOM homu cjiyuae (apxue Cud HHL[ 
AH) LUM noneujiacb e 20 m om npenodaeamenn u 2-x cmydenmoe, Komopue na- 
xodiuiucb na ompadomKe e KOJixo3e. Heootcudanno ece onu oufymmu cwibHbiu 
ydap sjieKmpimecKUM monoM (ecmecmeenno, oufymuMbie mom c Pym nopodwiu 
ceou Maznumnbie nom), u muon-mo neeedoMan cum c nezmcmbw nodnma ux 
nad 3eMJieu u omdpocwia na necKOJibm Mempoe. Earn nanpHotcennocmu moz- 
numnozo nom nopndm 2-x Tji nenocpedcmeenno na pyue nenoeem ne docma- 
moHHO, umodbi undytfupoeamb 3aMemnbie mom <t>ym, mo mookho oifenumb, 
muou eejiuHunbi donotcno dumb Maznumnoe none comou LUM, mnodbi na pac- 
cmonnuu 20 m om modeii undytfupoeamb cmonb 3cmemnbie mom &ym u Moiif- 
nbie cunoebie scjotpeumbi eo3deucmeun. 

JSfln cpaBHemiJi mojkho otmcthtb, hto hcjtobchcctbo 3a bcio HCTopuio cbo- 
ero cymecTBOBaHiM Haynnuocb co3,naBaTB HCKycTBeHHoe MarmiTHoe none Ha- 
npjDKeHHOCTbio tojibko ,no 1 MHJiJiHOHa raycc (no 100 Tji), npuneM Ha oneHb 
KopoTKoe BpeMn bo BpeMn BipBiBa KaTymeK c oojtbiiihmh TOKaMH. B to BpeMn 
KaK b MajieHBKOM no pa3Mepy uiapHKe HIM Ha hcckojjbko nopajiKOB 6ojn>maa 
nanpsj'/KcnnocTB MarHHTHoro nona nepacHTca /ujhtcjtbiioc Bpevifl b tchciihh ne- 



Ot aBTopa 


61 


cjitkob MimyT h 6onee. IIonBneHHn TaKoro cnnBHoro HCTOHHHKa MarHHTHoro 
nonn b6hh3h ot npoBomimiix huh nonynpoBomimiix Ten ^encTBUTentHO cno- 
co 6 ho reHepupoBaTt ctohb 6onBimie tokh Ovko b sthx Tenax, hto MoryT ynce 
npOJJBHTBCn B MO IIUI BIX CHJTOBBIX 3(j)cj)eKTaX B3aHMO,TCHCTBHa C 3THMH TenaMH. 

OniiaKO b peajitHBix cnynanx, npn naoMio/icnim LLIM b npuponc, o 6 Hapy- 
>KHBaeMBie ot hhx cnnoBBie scjxjieKTBi, b paMKax H3BecTHBix HaM "cjiymiaMeH- 
TajIBHBIx" 3aKOHOB 3JieKTpOMaTHeTH3Ma, OKa3BIBaiOTCH eme HaCTOIIBKO CTpaH- 
hbimh, hto He no/i/iaioTcn KaKOMy-jin 6 o pa3yMHOMy, c (|)H3 H'icckoh tohkh 3pe- 
min, oOBncncimio. Ho b t3kom cnynae CTaHOBHTcn ohcbhtuibim, hto mbi /ichct- 
BHTenBHo eme Hero to He 3HaeM h hto-to ynycTHJiH b cbohx npeacTaBneHiinx 06 
3thx (|)yii,TaMCHTanBiiBix 3aKOHax. 

Eme co hikojibhoh CKaviBH BceM HaM H3BecTeH SKcnepuMCiiT c Ka'iaiomuM- 
CJI MCpilBIM MajITHHKOM MC'/K,Ty HOJIIOCaMH CHJIBHOrO 3JieKTpOMarHHTa. noxa 
SJieKTpoMarHHT bbikhiohch, ManTHHK KanaeTcn cbooohho. OmiaKO npn bkhiohc- 
HIIH 3JieKTpOMarHHTa MC/IIIBlii ManTHHK 6 i>ICTpO T0pM03HT CBOe MBM/KCIIHC H OC- 
TaHaBJiHBaeTcn Mcnc/iy noniocaMH MarHHTa KaK Dy.TTO b KaKOH-TO rycTOH cpe.TC. 
B paMKax coBpeMeHHBix npcncTaBjiciiHil o 3aKOHax 3JieKTpoMarHeTH3Ma, mbi 
3HaeM o 6 BncHeHHe stoto SKcncpuMeirra. npn .tbh'/Kciihh Mc/noro ManraiiKa k 
noniocaM MarHHTa, b HeM HimynnpyioTcn /locTaTOHiio cnjiBHBie tokh Oyxo, 
B3aHMO/ieHCTBHe KOTopBix c MarHHTOM coa/iacT cHJiy, npennTCTByioinyio nBH>KC- 
HHK) ManTHHKa. .MbMCIIHC 3TO JieTKO o 6 paTHMO. EcUH MCMIlBlii ManTHHK OCT3BHTB 
b noKoe, a npnGnnncaTB k HeMy MarHHT, to MarmiTHoe none HaHHeT TonKaTB 
ManTHHK b cTopoHy cBoero nBHVKciinn. O/niaKo ccmi ot noKonmerocn Mcnnoro 
ManTHHKa y/iannTB MarHHT, to MarHHTHoe none MarHHTa HaHHHaeT ynce yBneKaTB 
3a co 6 oh mc/imbui ManTHHK. Bee sto nonHOCTBio cornacyeTcn c H3BecTHBiMH 
TeopeTHHecKHMH npcncTaBnciiHsiMH o 3aKOHax 3neKTpoMarHeTH3Ma pnn H3BecT- 
Horo b HayKe MarHHTHoro nonn. B to nee BpeMn H3BecTHO, hto ccmi oKono 
o 6 BiHHoro MarHHTa noMecTHTB KycoK ncene3a, to ncene30 npocTO npuraHeTcn k 
M arHHTy h npununHeT k HeMy, ocTaBancB HenoxtBHncHBiM OTHOCHTenBHO MarHHTa 
npn niooux ero ncpcMcinenunx. Bee sto HaM xoponio H3BecTHo h He BBi3BiBaeT 
KaKiix-nnoo comiiciih ii. OnnaKO b peanBHBix cnynanx, npn iiaonio/iciiHH HIM b 
npupoae, o 6 Hapy>KHBaeMBie ot hhx cnnoBBie scjnjieKTBi 0Ka3BiBai0Tcn HHor.ua 
HacTonBKo cTpaHHBiMH, hto He nonnaioTcn KaKoviy-nnoo pa3yMHOMy o 6 BncHe- 
HHK) B paMKax H3BeCTHBIX HaM 3aKOHOB 3neKTpoMarHeTH3Ma. 

Hanpimep, e odnoM aiynae UlM nemena edojib depeemnoeo 3a6opa. IJpu 
3moM om 3a6opa nocjiedoeamejibno odna 3a dpyeoii ompbieamicb u orruiemanu 
docKu, odnaxo com a LUMnpu sm om npodonotcana jiememb empoeo npmtojimeu- 
ho, Kax 6ydmo doexu om 3a6opa ompbieanucb eoece ne comou LUM. B nadjuo- 
daeMOM Henenuu peajibno nponememcH cunoeou ocjxpexm deuemem co cmopomi 
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IUM na docm, odmKo 6e3 o6pammzo npomueodeucmeux co cmopomi smux 
docon na caMy IUM. 

B dpyzoM cnynae oneeudeif 6biJi ceudemejieM immepecHozo cunoeozo 3(p- 
cjjenma deucmeux IUM na zeo3du, nozda oh npu6ueaji umu doufennu k cmeiie. 
ffnx mozo mnodbi doufennu na cmene 6bimi ynooiceHbi npaeujibHO, oneeudeif na- 
oicuenxn ux cnezna npudumbiMU zeosdxMU. Kozda ece doufennu na cmene 6buu 
yotce HaoKiiejieHbi zeoidwiiu, oneeudeif npucmymui k ux OKomamejibHOMy 3adu- 
eauuio. Odnano HeoDKudanno noxeunacb deuwiymaxcx e Hanpaejienuu n cmene 
HIM. Bnojme ecmecmeenno, HIM npuejieKjia emmanue oneeudifa, u oh omenencx 
om ceoezo dena. Kozda HIM cnpunacb, mo oneeudeif xomeji 6biJio npodonmcumb 
npepeannoe dejio, odnano Heostcudamo odnapyoieun, mno ece zeo3du 6biJiu non- 
Hocmbm do zojioeoK 3adaenenbi e doufeum. 

B dpyzoM cnynae IUM npojiemajia Henocpedcmeenno edmmi om 3nenmpo- 
nanonnu, nomopax npu smoM 63opeanacb. Ecjiu IUM, nan nonazamm xmozue, 
luteem nnomnocmb eo3dyxa u npedcmaenxem codou neeecoMoe o6pa3oeanue, 
mo npu 63pbiee jicmnonKu nonedamix eo3dyxa necoMHenno donoKHbi 6biJiu 6bi 
npueecmu k u3MeneHwo mpaenmopuu deuztcenux IUM, odnano e deucmeumejib- 
Hocmu mmezo nododnozo ne npoucxoduno. 

Odnaotcdbi 3eonapb, cjiyzKawuu npu ifepneu, email, nan odbinno, 36onumb e 
kojiokoji e nojiooKeHHoe no epony epexw. Oh nomxnyji eepeeny’, odnano 3eona 
nononojia He nocnedoeano. Yduenembiu 3eonapb ebiiuen na ynuiyy, mnodbi no- 
CMompemb na noxonoji, mno c hum cnymmocb. Kozda oh nocMompen naeepx, mo 
yeuden, mno nedaneno om nononona eucum xpnuu ceemxufuucx wapun IUM, npu 
3moM com nononon u ezo ydapnun ocmaeanucb coeepiuenno nenodeuzKUbiMU 
daotce mozda, nozda ydapnun mnnynu 3a eepeenyc B manoM cocmoxnuu nononon 
naxoduncx do mex nop, nona He ucne3na IUM. Kan monbno IUM ucne3na, nono¬ 
non cman 36onumb nan odbinno. 

UnmepecHbiu cnynau cunbHoeo cunoeozo eo3deucmeux om IUM na uenoeena 
aemop nunno ycnbiiuan om nocmpadaeuiezo oneeudifa eo epexix naymiou snene- 
duifuu e z. Konnaiueeo (ecmb ayduo3anucb e cjjondax Cu6 HHL[ AH). Codumue 
3mo 6bino yoiee xonodnou ocenbio, dnuotce n 3ime. /Kemifuna npuiuna e noMetife- 
Hue Mecmnozo nomnoeozo omdenenun c ifenbio nocnamb menezpaMMy dnmnmt 
podnbw. Kan odbinno 63xna 6nann menezpaMMbi u cena 3a emon, mnodbi ezo 
3anonmunb, ho 3adyManacb Had meM, mno nanucamb. Cudena 3a cmonoM nod- 
nepee zonoey pynou u paccMampueana npucymceyioufux e noMeufenuu. B smo 
epemx e noMeufenue nomnbi exodnax deepb pe3no omnpueaemex u e noMeufenue 
nomnbi eeanueaemex nbxmiu Myotcmma. npu nonnocmbio omnpbimou deepu 
ecned 3a Myofcmmou e noMeufenue nomnbi enemaem xpnax IUM pa3MepoM c xd- 
nono u ydapxcb nan mxhuh o non nedonbUMMU enannemu npudnumnacb n emony, 
3a nomopbiM 3adyMaeiuucb cudena otcenupma. Onono emona IUM-mxhuh cmana 
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nodnpbizueamb na odnoM Mecme npnMO na eudy saeopootcennoii otcemifimbi. 
Ona npodonotcana cudemb 3a cmonoM nodnepee zonoey pyrnii u dbina npocmo 
3aeunHomu3upoeaHa 3pejiuufeM. M npu odnoM 113 aiedyiouftoc cxauxoe neoDtcu- 
danno Mcenufuna nonynaem ctuibHeumuu ydap no zonoee, xax dydmo ee ydapwiu 
dojibuiuM MetuKOM c necKOM. Ydap dun cmojib ciuien, mno zonoea otcenufuna co- 
CKomiJia c ee pyxu u npuotcanacb k cmojiy. Kozda ona npuuuia e cedn om epeMen- 
nozo doneeozo woxa, HIM e noAieiifenuu yotce ne duno. Ho camonyecmeue y 
otcenufunu duno onenb njioxoe u nocjie omozo cnynan y neu onenb nacmo cmajiu 
cujibHbie zonoenue 6ojiu. Bpami 0Ka3ajiucb deccwibHUMU noMOHb otcenufune, 
max xax nuxaxune Jiexapcmea ne noMozajiu. Ko ecejuy nponeMy, o/cenufuna cma- 
jia odnadamb cmpanmiMU onexmpimecxuMu ceoiicmeaMu (omo nenenue nadnto- 
dajiocb u y mhozux dpyzux, imeeiuux npsiMou xonmaxm c HIM). Ona cmajia xa- 
xuM-mo uaxonumejieM onexmpimecxoii onepzuu, max xax om nee nocmonmo 
npocxaxueanu ucxpu u ona ydapma moxoM ecex oxpyjtcaiotifux, xmo x neu npu- 
xocanat. 

B tpondax 3anuceii Cu6 HHU.AH ecmb eme donee immepecnax untpopMa- 
ijufi (113 apxuea nempo3aeodcxou Fpynnu AH), xozda om npmtonimeuHO nenm- 
ufeu no xyxne HIM, npmio nod neu, cnuiuanucb cunbHbie nepuodimecxue ydapu 
no nony, noxootcue na mnotcenue mazu. npu npudnuotcenuu x euxodnou deepu, 
deepn pe3xo omeopwiacb it HIM eunemena na ynuiyy. 

Oco6eHHO irarnflTuro Hapyrnemie h3bccthbix HaM 3 aK 0 H 0 B (|)H3hkh iiaoaio- 
.nanoct b xoponio 3 a/joKyMeHTnpoBaHHOM cnynae TajiBiiOBCKoro cjjeHOMeHa, 
H iy'icnnc KOToporo obino nporscTicno Tomckoh rpynnoH Ail Ch6 HMI l Ail. 

Ulapoean mojihuh, pa3MepoM c (pymdonbuuii Mm, nponemana nad depeeneu 
na ebicome deyx-mpex decnmxoe Mempoe. nepeuu nonaeumucn na ee nymu ca- 
pau c otcene3o6emoHHbiMu cmondaMU dun pa3daenen u noeanen (cm. (pomozpa- 
(pmo noeanennozo capan). 
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llpojieman donee nod okwihm domoM, noKpumuM umtpepoM, IUM omopea- 
na eniecme c zeosdfiMU mucjjep c Kpbiiuu doMO (c noeepxnocmu nopndm ne- 
cKonbKo comen Keadpamnux Mempoe) u npunodme eecb 3mom mucjjep e eo3dyx 
noenemia ezo 30 co6ou, pa36pacbiean no eceu depeene (cm. cjjomozpacjjwo doMa c 



omopeaHHbiM uiutpepoM). 

llponeman nod mpaxmopnou cmanifueu, IUM pa3daenna odun ceapeunbiu 
U3 yzonme u noKpbimbiu 6pe3ewnoM mpmc (cm. cjjomozpacjjuio), a dpyzoii mp- 



koc npu npudnuofcenuu k neMy IUM cmmna noeonomn no 3eMne (nepebiu mp- 
koc, oueeudno, 3a mno-mo 3aifenmcn u noomoMy 6bin pazdaenen!), a mzda IUM 
odozmna mpmc, oh 6bin nodmm IUM u nepenecen ho 300 Mempoe. Bee ecezo 
mpmea 6un ne Menee 100 kz (cm. cjjomozpacjjwo ocmaeuiezocn mpmea). 
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A Tcncpb nonpo6yeM npoaHajiH3npoBaTB stot cnynafi c no3nu;nH h3bgct- 
HBIX HaM 3aKOHOB (|)H3HKH. JleTJHHafl HIM IICC-Ba CBOHMH nOJIflMH (jIBHO He 3JieK- 
TpunecKOH npiipozmi!) Kapxac BecoM cothh KHJiorpaMM. BnoJiHe ohcbh.tiio, hto 
co CTopoHti KapKaca k HIM 6biJia npnjioaceHa tohho TaKaa ace CHJia b cothh kh- 
JiorpaMMOB. O.BiiaKO HIM noHCMy-TO npoAOJiacajia jieTeTb CTporo no npjiMOH, 
Aaace He iavic'iaa toto, hto k Hen npimemuica KaKOH-TO TaM MeTajuiHHecKHH 
Kapxac BecoM b cothh KHJiorpaMMOB. Ecjih HIM, KaK sto ooiuenpi-maTO CHHTaTb, 
HeBecoMoe oopaiOBaiiiic c naoTiiocTBio Boapyxa, to noneMy KapKac BecoM b 
cothh KHJiorpaMMOB He CMor Aaace b Majion CTeneHH h3mciihtb TpaeKTopiiK) ee 
noneTa? TaKHX «noHeMy» 3Aecb Moacrro 3a/jaTi> eme mhoto. 

FIo'iCNiy ace ctojib CTpaHHBiMH Kaacyrca ajisl Hac noBcpcnnsj HIM? Ecuh 
HaniH npc.TCTaBHcnnsj o 3aKOHax 3JieKTpoMarHeTH3Ma /ichctbhtc-Bbiio He hoji- 
Htie, to KaKHe hmchho eme 3JieKTpoMarHHTHbie aBJieHiin ynymeHbi b Harnux 
npcjiCTaBjTcirnsJX 06 sthx 3aKOHax? B HarneM cjiynae c HIM sjbiio o 6 HapyacHBa- 
jihcb scjjcjjeKTBi HrmyKimn tokob OyKO b npoBO/praiHx MaTepnajiax h nocne- 
/lyiomcro bob/ichctbusj Ha sth tokh co ctopohbi CHHBiioro MarHHTHoro norm 
HIM, O.BiiaKO KapKac bi H3 aceJie3Hbix yroJiKOB ch-Bbiichiiihm MarniiTiiBiM noneM 
HIM npocTO He npHTJUUBanncB k caMOH HIM!. H 3 MHoroHHCJieHHbix na6-Bio/ie- 
hhh HIM bo BceM MHpe He oblbo o 6 irapyaceHo eme hh omioro cnynaa, hto6bi 
KaKHe-nnGo MeTajuiHHecKHe aceJie3Hbie npeztMeTti npHTJUUBanncB HenoepeztCT- 
BeHHO K HIM KaK K HCTOHHHKy CH-BBIICHIIICrO MarHHTHOrO IBO-BH. OTK'y.Ba C-Bcpy- 
eT, HTO Bee H3HIH npC.BCTaB-BCUHSJ O 3aKOHaX MaTHeTH3Ma OKaBBIBaiOTCH B hcm-to 
eme oihh6ohhbi h no-BiiocTBio nenpuMciinMBiMii k HIM. 

B HacToamee BpeMH MHoroHHCJieHHbiMH 3KcnepaMeHTaMH yace ycTa- 
HOBJieHO | 30,31 ], hto BTopoe CKajiapHoe MarHaraoe nojie ABHacymeroca 
3apaAa oGjia^aeT TaKHMH ace HHAyKpHOHHbiMH CBOHCTBaMH, KaK h oSbiHHoe 
BeKTopHoe MarHHTHoe nojie. OflHaKO HeoacHAaHHoe a yABBBTejibaoe cbob- 
ctbo CKajiapaoro MarHBTaoro bojib OKa3ajiocb b tom, hto 3to MarHBTHoe 
nojie He B3aaMOAeacTByeT c (jieppoMarHHTHbiMH MaTepaajiaMa a MeTajiJia- 
mh, KaK 3to HMeeT MecTO ajih oSbiHHoro MarHHTHoro nojia. H bot tojibko 
Tenepb, npn yncTe peanbHocTH cymecTBOBannsj eme o.Biioro Bima cKajiapHoro 
MarHHTHoro nona, HMeiomero BecbMa Heo6biHHyro MarHHTHyro npupoAy, CTaHO- 
bsjtcsj. iiaKoiicn. nonHOCTbio noiiBTiiBiMH cTpaHHbie h iarapo'niBic noBenciiHH 
MarHHTHbix no-Bcii HIM h mhothx opyrux 3-BCKTpo via rn ht n bi x npupo.BHBix sjb- 
JieHHH, B TOM HHCJie H aHOMajIbHbIX BB-BCIIHH. OieAOBa I ejIbHO, IIIM Iipe,TC iaB- 
JIHK)T cofioii He TOJIbKO OAHHOHHbie 3apHAbI HJIH CTyCTKH 3apHAOB, K KOTO- 
pbiM [iooome He npHMeHHMbi ypaBHeHHa 3JieKTpoAHHaMHKH MaKCBejiJia (0 
neM oh caM h npeAynpeamaji!), ho hmchho IIIM OKa3ajiHCb ii.iea.Tbin.iM hc- 
tohhhkom HeH3BecTHoro eme b HayKe CKajiapHoro MarHHTHoro nojia, koto- 
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poe, KaK pa3, h ot.i.io ynymeHO MaKCBejiJiOM h boo6uic OTcyTCTBOBajio b ero 
ypaBHCHHHX 3JieKTpoaHHaMHKH. 

Ho He 11 a, io 3a6tiBaTi>, hto Bcnen 3a MaKCBennoM h BMecTe c hum, sth nee 
ynymeHiM nonroe BpeMn nonycKanncB h BceMH peBHOCTHtiMH nocnenoBaTennMH 
h npnBep>KeHuaMH yneHHH MaKCBenna, cpenn KOToptix, k concaneffliio, 6bijio 
MHoro bh.tiibix h ariTopHTCTiiwx ynciiBix. Hto obi npunaTb 6onr>me 6necKa h 
npHBJieKaTeJiBHOCTH stoh TeopiiH, b CBoe BpcxfH noeneno b aid hm h MaKCBenna 
H3 ero nepBOHanantHoro yneHun 6tinH y6paHti, Ha hx B3rnnn, nuniHHe «CTpon- 
TcnBiiBic neca TeopnH» h biiccciibi iicKOTopBre, iicooxohhmbic KocMeTiinecKHe 
(JiopMantHo-MaTeMaTHHecKHe H3MeHeHim h nononnciiHH. H 3 to «npHyKpameH- 
HOe» MaTCMaTH'ICCKHM (|)0pManH3M0M ipailHC COBpeMeHHOH TeopHH SneKTpO- 
MarHeTH3Ma, Kyna obihh biiccciibi b /lanBiiciTincM eme h a6cTpaKTHi>ie penaraBH- 
CTCKne npcncTaBncimyi A. OMniriTCHna, cncnyiomuM noKoneHHeM pcbiioctiibix 
noencnoBaTcncH h xpaHHTeneil VKopeiiHBirinxcsi npencTaBneni-m, npenonnociT- 
noct ynce KaK «c[)yHnaMeHTanBHafl ocHOBa coBpeMeHHtix HaynHtix 3HaHHH». H 
He TonBKO npcnoniiocHnocB, ho h Tpcnenio oocpcranocB ot k3khx obi to hit 
OBIIIO HOB BIX CCpBCillBIX H3MeHeHHH H TOnOnilCIlHH. BnnOTB HO COiTailHH pa3H0- 

ro pona hhkbh3htopckhx komhcchh no «nnceHayKe» [55] non Kpuiiicii Pocchh- 
ckoh AKaneMHH HayK (PAH), 3anpemaBHiHX na>Ke nenaTaTt nono6Hi>ie «Kpa- 
Moni>Hi>ie», Ha hx B3rnnn, H3naHHn. HanpHMep, b CBoe BpeMn (1982-85 rr.), b 
Moeii nHHHOH ncpcnncKC no MaTepnanaM iasiBKH Ha otkpbithc, co ccBinKoii Ha 
cneiiHanBiioc pemeHHe OTncncimyi c[)H3hkh h acTpoHOMHH AKaneMHH HayK 
CCCP, MHe HeonHOKpaTHO npoxonunocB nonynaTt nuciAia c otk330m ot pac- 
CMOTpeHim MaTcpnanBi c KpiiTHHecKHM aHanH30M CTO. 

MHorne nocnenoBaTenn coripcMCiiiiBix «(|iyii,ia mc iiTan b11bi x naymiBix 3Ha- 
hhh», BHnHtie aKaneMHKH, npo(])eccopa h KaHnnnaTBi HayK, Ha3HnaTentH0 npe- 
noniiocsiT 3th 3HaHim Hanien Mononencn, na'iniiaa eme co iriKonBiioil cKaviBH h 
iaBcpiiian b pasniTHiiBix bbichihx vhcoiibix 3aBeneHHnx, iienpaBimBiio opueHTH- 
pyn hx o ncHCTBHTcnBHOM cocTonHHH nen b COBpeMeHHOH HayKe. /Jo Kaxoil cTe- 
neffli ko iiccp b aT hb 1 1bic 3HaHHn npenonaBaTeneil b v'icoiibix 3aBeneHHnx h b By¬ 
sax CTann aKTyanBiioii h 3no6onHeBHOH npo6neMOH mtokho noxasaTB xoth obi Ha 
npHMepe onHoro Harnero pocenHCKoro By3a, b kotopom aBTopy nniTTcnBiioc 
BpeMn npumnocB cHanana ynHTtcn, a 3aTeM h paooTiiTB b nonncHocra naymioro 
coTpynHHKa. 

HanpHMep, b 1982 r. pemeHHeM peKTopa Tomckoto non htcxiihmccko ro hh- 
CTHTyTa 6i>ina yTBepncneHa ocjnmHantHan komhcchji H3 uiecTH BnnHtix npocjiec- 
copoB <])H3HHecKoro h sneKTpoTexHHnecKoro (JiaKyntTeTOB nnn SKcnepTHOH 
oueHKH nonroTOBnciniBix aBTopoM 6onee necflTKa painnniiBix oKcncpHMCHTanB- 
HBIX yCTpOHCTB H TCHCTB\TOIHHX MOneneH, nOKa3i>IBaiOmHX peanBIIOCTB eymeCT- 
BOBaHHn HeH3BecTHoro paHee b HayKe nuncuun npononBiioro MarmiTHoro Bian- 
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MojjeHCTBHJi h CKanupHoro MarHHTHoro nma. ^CMoncTpaiinsi 3KcnepHMemani>- 
Htix ycTponcTB cocTOHJiact, ho pcaKiiHH npo(|)cccopori Ha iiaomonacMinc irane- 
him 6i>iJia He coBceM o.niioiiiaHiioii. Bee SKenepn m e i i t an b n bi e ycTponcTBa 6 bdih 
BBICT aBJieHBI JSflfl HJieHOB OKCnepTHOH KOMHCCHH Ha CTOHaX (|)H3HHCCKOrO KaOH- 
HeTa Kac|)c/ipw o6men (J)H3 hkh TI1H. B pa3HOH (|)op\ic h Ha pa3Htix ycTponcTBax 
/(eMOHCTpUpOBaHOI HeOnCHnUHHBIH 3(j)cj)eKT Z(BH)KeHHJI npOBOXJHHKa C TOKOM B 
MarHHTHOM none BnonB iianpaBuciin« TOKa b HeM, hto hbho naxoniiTcn b npora- 
BOpeHHH C OOIHCnpHimTBIMH B COBpeMeHHOH HayKe npeZICTaBIieHHJIMH. ripO(|)CC- 
copa HHCTHTyra bcio cboio ncii3HB ynnjiH cbohx CTynciiTOB TOMy, hto b hiooom 
M arHHTHOM none Ha npoBonmiK c tokom ManiHTiian enna movkct /iciicTBOBaTB 
TonBKo nepneHflHKynnpHo npoBonmiKy c tokom, Mcncny TeM KaK ohh Bee peant- 
ho iiaomonami b n c mo i i c t p h py c mbi x ycTponcTBax mbii>kciihc npoBonniiKa c to¬ 
kom b MarHHTHOM none B^ont HanpaBneHiin TOKa b HeM. HHepmw MBimneHiiJi 
yneHtix, KOToptix caMHX co niKontHOH CKaMBH npuynann, hto MarHHTHan enna 
MonceT 6 bitb TontKO nepneHflHKynapHOH TOKy, h KOToptie caMH bcio cboio 
)kh3hb ynnnn cbohx yneHHKOB TOMy nee, ouna crant HenoKone6nMOH, hto HeKO- 
Toptie H3 hhx He BBi/iep'/Kann h CTami 3amn,TBiBaTB non cran h HCKaTB TaM hh- 
TOHKy, KOTOpOH HKo6bI II TJIHeTCJI npOBOMHHK. HllKaKOH HHTOHKH OHH TaM, KO- 
HeHHO >Ke, He Haiunn. H xotji yniiBncniic hx 6i>ino BenHKO, ho micpmifl MBimne- 
Him y iicKOTopux Bee nepecHnnna hx pa3yM, nosTOMy Tpoe npoijicccopoB H3 
komhcchh npocTO yKnoHHHBO OTKa3anHCB nonnncaTB «3aKnioHeHHe», xora Bee 
ohh nciicTBHTcnBno b linen h Bee cbohmh rna3aMH. K concaneHiiio, «3aicnK)HeHHe» 
no 3KcnepiiMeHTaM 6 buio nonnncaHO TontKO TpeMn ocTaBimiMHcn npocjieccopa- 
mh, KOToptie Bee nee iiamnii b ce6e cvienocTB nonniicaTB noKyNiciiT. hto ohh 
nencTBHTenBHo b linenii nononciiTentHtie pe3yni>TaTi>i sKcncpiiMciiTOB. npiiBe- 
neHHBiii npiiMep iiamanno noKaibiBacT, iiacKonbKo cnnBHBi cpcnii Miionix yne- 
hbix ycTonBimiecn KOHcepBaTHBHtie npencTaBnciiHH. Ohcbhhiio to, hto Hacanc- 
nacTCH b co3HaHHH nioncii BeKaMH, iicB03MO>Kiio H3MeHHTB cpa3y npOCTBIMH 
yoc'/KncimyiMH h nance noKaiaTcnBCTna\i ii co6cTBeHHbix BH3yani>Hi>ix iiaonionc- 
hhh. Jinn ocoiiiaimn ohcbhhiiocth h pcanimocTii cyinccTBOBaiiiin KaKoro-mioo 
HOBoro c|)H3HHecKoro nBncimn. ohcbhhiio. TpcoycTcn He MeHee nniiTcninioc Bpe- 
mji nun ero BocnpiuiTHn h HaSmoneHiin. 

Tokum o6pa30M, empannue u nenornmnue, e panimx oduienpummbix 
npedcmaejienuu, ceoucmea mamx npupodnux sneumpoMaznumubix o6pa3oeamm 
KaK HIM, oKa3ajiucb nojiiiocmbio odycnoenenbi maKotce ne Menee cmpaHHUMU 
MazHumHbiMU ceouemeaMU ne meecnmozo panee e HayKe cmnnpHOZo Maznum- 
hozo nojw. OdnaKO 3mu cmpaHHbie u ne noHsmwbie sji eKmpo.uazuumubie Hejieuun 
ocmawmcn ecezo Jiuiub cmpaunbiMU, a imozda u cmpaiumiMU, ho ne ynpaeme- 
MbiMU cmuxuuHbiMU npupodnbiMu nejiemwMu, Komopbmu mu eme ne uaynunucb 
ynpaemmb u, mexi donee, ucnonb3oeamb hx npaumuHecKu. OdmKo mme zpan- 
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dno3Hbie nepcneKmuebi Mozym omKpumbcx neped uenoeeuecmeoM, ecmi oho 
nojiHocmbto usyuum u oejiadeem npupodou smozo cmpannozo MazHumnozo noxx, 
mo 3mo deMOHcmpupymm hom hokci mojibKo npupodnue HIM u mame yotce co- 
ecejii He npupodnue aHOMCUibHbie xenenux, kcik peanbHO cyufecmeyioufue HJIO. 
Huotce dydem npedcmaenen nodpodno 3adoKyMeHmupoeaHHUu e Mamepuajiax 
CitoIIMH AH cnyuau cmpannux conymcmeytoufux ojieKmpoMaznumnbix xenenuu 
yotce om anoMajibnozo odbexma muna HJIO (ecmb ayduo3anucb oueeudifa), ko- 
mopue npaKmunecKu anaxocuumi onucueaeMUM eume cmpcmmiM onetanpo- 
MazHumnbiM fumenufiM HIM. B cneifucuibHOM pacaiedoeanuu ecex codumuu 
smozo aiyuax npunuMcm Henocpedcmeennoe yuacmue com aemop dannux 
cmpoK. TufamejibHbiu onpoc oueeudifa 6 uji npoeeden aemopoM e nepuod yua- 
cmux ezo e odnou u3 oxcneduifuu Cu6HHL( AH e 1985 z. e MenbHUKoecKOM u 
KoofceenuKoecKOM paiiomx. 

Codhimue 3ino npoucxodujio e ce.ie Boponoeo Komccuhiikouckozo pauona 
erne e 1966 z. OueuudiiaMu jmozo aeneHua 6buiu comnu .xcumexeu 3inozo ce- 
jia, oduuKo nenocpedcmeenubwu ouemduuMu cooumux otamuiucb decnmnu 
jtcumejieu, Komopue nocjie nepeozo ceanca Kuiio(f>ujibMa e MecmnoM pacno- 
jiomcchhom noodajib na oepezy petal 06b Kunomeampe, lumi no dopoze k ueti- 
mpy ceoezo cejia. JJe/io dhuio niMoii e Konue noxopx. Tlepebiu ceanc e kuho- 
meampe okohuujicx e 9 h. no MecmnoMy epeMeuu u Ha y.iuue dhuio yotce doc- 
mamoHHO mejuno. He6o dbi.io uucmoe u 3ee3dnoe. Ha nede dbi.ia audita Jlyna. 

Heo.xcudauuo enepedu u ne ouenb ebicoKO Had dopozou nonewiocb xpuo 
caemxiuee nxmuo, Komopoe ducmpo npu6.iu.vca.iocb u npuoope.io (popMy 
xpuo upacuozo uiapa pa3MepoM c Jlyuy. Hptaiii map co CKopocmbw caMOJie- 
ma-KyKypy3HUKa cmaji npuojiu.vcamhoi uaecmpeuy udyuuiM no dopoze nto- 
dfiM, yeejiuuueaxcb e pa3Mepax. H nozda map pa3MepoM y.vce e mpu Jlyuu 
omia.icx nad zojioeaMU ntodeu na dopoze, oh ocmauoeujicx. Bee naxodue- 
uiuecH ua dopoze ntodu e cmpaxe paioe.vca.iucb mno i<yda. Ha dopoze ocma- 
jiocb mojibKo dea uenoeexa, opanibti HupiiKoubi Cepzeu Hukojiucmiv u Ajick- 
candp HuKOJiaeeun, KomopbiM oua3ajiocb kuk-hw neydoonbiM dpyz neped dpy- 
zom npoxeuntb ceom mpycocmb, xomx Kaiiou-mo .vcueomubiu cmpax oxeamuji 
u ux. Epanibx peumjiu nocMompentb, unto .vce 6ydem dajibme. llpKocmt, mapa 
yeejiuuujiacb, no na nezo mo.vcho 6buio erne cMompemb. 

nocjie ceoeu ocmanoeKU map juedjieuuo nauan cuu.vcantbcv na nux. He- 
o.vcudanno onu omymunu ydap ojieKmpuuecuuM hiokom no pyi<aM u uozaM, u 
KaKoa-mo neeedoMan cujia cmajia daeuntb na uux ceepxy. Pytat nouejuy-mo 
6biJio mpydno nodnamb, uozda ohu itbimwiitcb noKa3anib Ha o6n>ei<m. Ha nne- 
uu ux daeujia Kauax-mo mx.vcecnib, kuk 6ydmo no uenoeeay y nux cudexo na 
nneuax. no .xtepe cnu.vcenux pa3Mepbi otnetana npodoji.vcajiu yeejiuvueamb- 
cx, u yeejiuvueanocb menjioeoe eo3deucmeue om tmozo oobt’Kina. Cmajio 
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dyuiuo, OHii paccmezuynu nojiyuiydmu u chhjiu pyuaeunbi. Kozda pai.uepbi 
oobCKma yeejiUHUJiucb do yzjioebix pa3Mepoe 15 cm Ha ebimanymou pyi<e, oh 
ocmaHoeujicn. Ilpu jihom cunoeoe daejienue na dpambee npeKpamunocb, od- 
huko mennoeoe eo3deucmeue u npKocmb odibCKina cmauoeunucb y.vce mpydno 
nepeHocuMbiMU. Ho nocjie ocmanouKU odbeKin pe3KO rnMenun Hanpaejienue 
ceoezo deuMcenua u cmcui dbicmpo ydananibca, yMenbuiancb e pa3Mepe. Odna- 
ko t<at< mojibKO oobeKin cmaji ydananibca, dpambee cHoea ydapuno iiiokom u 
KaKaa-mo ueeedoMaa cujia nomsniyna ux y.we nyda-mo eeepx. Epambn ouia- 
jiejiu e ucnyze. Kozda cujia daeujia ux k 3eMJie-MamyuiKe, erne He dbi.io man 
cmpauiHO. Ho Kozda KaKaa-mo cujia nonmnyna ux Kyda-mo eeepx, kuk zoeo- 
pumcn, k uepmy Ha Kyjiu <iku, ohu cujibuo ucnyzajiucb. Cmajiu ucKamb ua do- 
poze, 3a ‘imo mom-ho 6biJio 6bi cxeamunibca, ho ua dopoze u e6jiH3u nuuezo He 
dbi.io, 3a umo momho 6buio 6bi cxeamumbca. Tozda ohu cxeamujiucb dpyz 3a 
dpyza pyKOMU, u KaKaa-mo cuna cnezKa ux npunodHam, inauumejibHo 
yMeubuiue ux dae.iemie ua dopozy, a 3ameM cmana dbicmpo yMeubuiambca no 
Mepe ydajieuua odbeKinu om hux. nodnaeuiucb ua 3iiauiimejibiiyw eucomy, 
odbeKin ucne3 e moM Haupaejiemiu, Kyda oh jiemeji pauee. nocne omjiema 
odbCKma neKomopbie U3 ocMe.ieeuuix oueeuduee nodxodujiu k dpanibHM c 
eonpocoM, umo 3mo mozjio dbintb maKoe. Bern HOHb dpaniba He cnajiu, man 
kok Ha hux uanajia KaKaa-mo auamua u cnamb He xome.iocb. Ha c.iedywuuiii 
deub dpaniba u Muozue dpyzue U3 Miuibuoe cena codpanucb euoeb ua Mecme 
HadjiwdeHua odyeKina. Ebuio odnapyMeno, umo e paduyee nopadKa 70 m om 
dopozu, e moM ‘iiic.ie Ha Kpbiuiax d.iuMaiiuuix doMoe, cuez dbui nodmaeii u 
dbui pbixjibiM om cwibHozo ineiuioeozo eo3deucmeua. KpoMe mozo, cmajio U3- 
eecniHO, umo emopozo ceauca e KUHomeampe e npouuibiu eeuep He dbuio no 
npuuuHe ebixoda U3 empoa Kunoannaparnypu. 

Taxnx coo6memiH o CTpaHHOM aneKTpoMarmiTHOM bob/ichctbi-ih chjiobbix 
nonen HJIO Ha MeTaiuiHHecxHe npoBOZpmiHe M nojiynpoBOAflmHe npeflMeTti, Ha 
2XHB0THBIX H Ha HCJIOBCXa MO)KHO npiIBeCTH CIHC COTHH KaK H3 OTC'ICCTBCnilOH, 

Tax h H3 3apy6e>KHOH nyOJTHKaHHH. 0,3113X0 /lainibic conyrcTByiomHe 4>H3HHe- 
CKiie 3-BCKTpoManiHTiiBic HBneHHJi npeacTaBJunoTCfl y>K'c .nanexo He ocbooh/iiibi- 
mh npnpoziHBiMH aBneHHJiMH, a jibho ueneHanpaBneHHO ynpaBjmeMtiMH jiBJie- 
HHJIMH, KOTOpOe, B03M0)KH0, HMeiOT IICnOCpC.lCTBCimyiO CBH3B C HeH3BeCTH0H 
ana Hac t3hhoh npupo/ibi jraneHiui aiiTurpaBUTann h - bchiioh mc'itc hcjiobchc- 
CTBa, HOBceMecTHO Hcnoni>3yeMOH noxa tojibxo b o6i>exTax HJIO h hm no,io6- 
hbix aHOMajiBHBix o6i>exTax. 

3a .HJiHTentHBiH nepnozi cymecTBOBaHHJi anexTpoziHHaMHXH HaxomiJiocB 
6oni>moe xonnnecTBO xax TCopcTH'iccKHX, Tax h 3 k c n cp hm c iiTa_q b11bi x tjjaxTOB, 
Tax hto ,3a>R'c b paMxax hbbcctiibix npeziCTaBJieHHH, to cctb b paMxax H3BecTH0- 



70 


3JIEKTPOAHHAMHKA <X>H3HHECKOrOBAKyyMA 


ro b 3JieKTpoz(HHaMHKe 4>opMaiiH3Ma, He npnGeran k noMomu hobbix npeziCTaB- 
jieHHH o cicajMpHOM MarHHTHOM none, nenco mojkho y>Ke ,noKa3aTB, hto npo- 
.HOJiBHBie MarHHTHBie chjibi 71c ii ctbHT cn b no .hojdkhbi peanBHO cymecTBOBaTB [30, 
31]. BnyTpcnnaa npoTHBopeniiBOCTB coBpeMeHHBix (JiopMajiBHBix npeTiCTaBJie- 
hhh o 3aKOHax 3JieKTpoMameTH3Ma h (I)op\ t a jtbii o- m a tc m a t ii h c c k ii x mctotiob hx 
onucaHHJi npouBJiaeTcn b tom, hto 7ia>Kc pa3HBie H3BecTHBie b 3 ji c kt p o ti h i i a mhkc 
nonxopbi k pemeHHio othihx h Tex >kc sji c kt po.T ii 11 a mhhcckhx 3a/jaH paioT 3aBe- 
ZIOMO pa3HBie pe3yjiBTaTBi. HanpuMep, b paviKax jiopciiHCBCKHX npeTiCTaBJicimii 
O MaTHHTHBIX B 3 3 H M O 71C H C T B H H X npOBOHHHKOB C TOK3MH TIB a naXO.THIIIHXCH Ha 
OZIHOH npjIMOH OTpe3Ka TOKa CBOHMH MaTHHTHBIMH nOJMMH B33HM071CiiCTBOB3TB 
He aojdkhbi. Me>K7iy TeM KaK H3 H3BecTHoro b sjieKTpoziHHaMHKe c[)opMajiH3Ma 
B3aHMO/ieHCTBHJI MaTHHTHBIX HOJieH OT 3THX >Ke OTpe3KOB TOKa (b BII71C HHTe- 
rpajiBHOH cjiopMyjiBi jj,jm SHeprim B3aHMO,neiicTBHJi MarHHTHBix nonen) nerao 
M05KH0 HaHTH, HTO MaTHHTHOe B3 a IIM O 71C 11 C T BIIC MC'/KTiy HHMH He paBHO HyjIIO. 
(.iTKyna ycTaHaBJiHBaeM, hto cnna MarHHTHoro BiaiiMOTiciicTBiisi .TByx naxoTW- 
HIHXCH Ha 0711KMI npjIMOH OTpe3KOB TOKa B 71CIICT BII TC JI B1 1 0 C TII Bee )Ke He paBHa 
Hynio. 3Ty *e «He paBHyio Hynio cnny MarHHTHoro b 3 a hmoti e ii c t b h n » mojkho 
yCTaHOBHTB T3K)Ke H H3 H3BeCTHOTO B 3n C K T p O 71HII3 MIIK C (])OpMai[H3Ma nOIM BeK- 
TopHoro noTeHunajia, ho, k HaiueMy yTUiBneiiwo, o6Hapy>KHBaeM, hto 3Ta *e 
cnna MarHHTHoro B33HMO,neiicTBHn, onpcncneinian y>Ke TipyniMii H3BecTHBiMH 
MeTonaMH, OKaiBiBacTCH y>Ke OonBiue no BeJiHHHHe Toii chjibi, koto pa a SBiJia 
onpencncna ncpci c[)opManH3M b 3a 11 m onciic tb y 1 o 1 rinx MarHHTHBix noneii. Tpii 
H3BecTHBie h o6menpHHJiTBie b coBpeMeHHoii an c kt p 0711111 a m 11 kc c|jopMajiH3Ma 
onpeaenefflin chubi MarHHTHoro B3aHMO,neHCTBHJi Me>K7iy TiByMn neJKamiiMH Ha 
0711 roil npHMoii OTpe3K3MH TOKa paioT iaBcpovio He paBHBie BHaneHiin. Ho b jicii- 
CTBHTeJIBHOCTH, pHH 071II0T0 H TO TO )Ke CnyHan MarHHTHOTO B 33II M071C if CT BII71 
OTpe3KOB TOKa, KaK 3TO OHCBII.TIIO, pe3yJIBTaT 710.T/KCH 6 bitb TOHBKO O Hill I e.TIIII- 
cTBeHHBiii, cooTBeTCTByiomnii peanBHOMy HBnenwo. OjuiaKo, pacneTaMii movkiio 
noKa3aTB, Bee Tpn \icTona onpcTiencimn cnn MarHHTHoro BiaiiMonciicTBiisi Me>K- 
71 y Tiny msi iiaxo.THiriHMHCsi Ha opuoii npaMoii OTpe3KaMH TOKa 0Ka3BiBai0Tcn to>k- 
TjecTBeHHo paBHBiMH jipyr ztpyry, ccmi bo Bcex rpex cnynanx ynecTB cymecTBo- 
BaHHe eme CKannpHoro MarHHTHoro noun h chubi npoztonBHoro MaHHTHoro 
B33HMO,HeHCTBHn. 

TaKHM odpaioM, h3mciiciiiic H3BecTHbix HaM (jiyHTiaMeHTajibHbix npefl- 
cTaBJiciniii o 3aKOHax 3JieKTpoMarHeTH3Ma oka ii.iiiacicsi HenocpeACTBeHHO 
CBH3aHHbIM CO MHOrHMH APyfHMH yKOpeHHBUIHMHCH H TaKSKe CHHTaKHIIH- 
MHCH (jjyHflaMeHTajIbHblMH npeACTaBJieHHHMH, TaKHMH KaK npHHUHn 3K- 
BHBajieHTHOCTH, 11 pi 111111111 OTHOCHTGJIbHOCTH, npiIIIUIin nOCTOHHCTBa CKO- 
pocra cseTa, ouihSohhmm noHHraeM o pejiHTHBHCTCKoii Macce, ouihSoh- 
HbiMH npeflCTaBJieHHHMH o 7iyajiH3Me "BOJiHa-HacTHpa", ouihSohhmm He 
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(j)H3HHecKHM npeACTaBJieHneM o B3aHM0npeBpamaeM0CTH Macci.i h 3HeprHH 
npH aiiiiiiribiamni Hacraii, omnSoHHbiM npeflCTaBJieHneM o cymecTBOBa- 
hhh ocoSoro "MarHHTHoro nojia", oinnSoHHbiM npeACTaBJieHHeM o cymecT- 
BOBaiiini ocoSbix "rpaBiiTamioiiiibix nojien" h t.a. HyacAaiOTca b cepbe3- 

Hbix II3MCIICIIIIBX II OCHOBHbie (|)IUIOCO(|)CKIie KOIIUCI1LIIIII COBpeMCHHOH (|)II- 
3HKH, CBH3aHHbie C T3KHMH HCXOflHbIMH nOHHTHHMH JIKlSOH (j)H3HHeCKOH 
TeopHH, KaK "npocTpaHCTBo", "BpeMa", "MaTepna", "Macca", "Macca rpa- 
BiiTamioiinaa", "Macca HHepunoHHaa", "Macca sjieKTpoMaranTHaa", "ae- 
tjieKT Maccbi", "MepHOCTb npocTpaHCTBa", "nonarae BpeMeim", "nonarae 
HHBapHaHTHOCTH 33K0H0B npHpOAbl", "nOHHTHe HHBapHaHTHOCTH ypaBHe- 
hhh" h t.a. h T.n. Cymecrayromaa b coBpeMeHHoii ijiyHAaMeHTajibHOH iJ»h- 
311KC cepbe3Haa icpmuciiaa CHTyaijHa [1] hbjihctch lipaMbiM cneAcraneM 
MHomx yKopeHHBuiHxca ouihSohhmx Koimcnmiu coBpcMCHHbix "Hayn- 
Hbix" npeflCTaBJieHHii 06 aBJiemiax oicpyacaiomeH Hac npiipojbi. KpH3HC- 
Haa CHiyauaa b coBpeMeHHoii (|)H3iikc iiBiuiacb npaMbiM CJieAcraneM yace 
fljiHTejibHoe BpeMa cymecrayiomHx h ycToaBinaxca KOHcepBamBHbix 
B3rjiaAOB b HayKe, k coa>a.iciiino. noAAepacHBaeMbix a 3aiHiimacMbix otjrn- 
mia.ibiioii aicaAeMHHecKOH HayKOH. Kan OTMeaaji b CBoe BpeMa fleimHKe, 
name 3aueMeHrapoBaHHoe coiiiamie, HaA KOTopbiM b csoe BpeMa nopaSo- 
t3jih HccoMHCHiio BbicoKOKJiaccHbie cneunajiHCTbi CBoero aejia, cjihuikom 
AOJ iro HaxoflHJiocb b CBoeodpamoM HayiHOM BaicyyMe n HyacAaeTca Tenepb 
b cpoHHoii peaiiiiMauini. flaace b Bonpocax iiponaian ii.i Bcex namiix yace 
H3BecTHbix iiiaiinii Tanace HyacHbi peBoniomiomibie H3Mciiciiiia, ecjin Mbi 
aencTEHTejibHO CTpeMHMca k oSmeMy a*™ acex nporpeccy. 

PacicpbiBaiomiieca nepcneKTHBbi npaKTnaecKoro Hcnojib30BaHHa ho- 
bmx, Hen3BecTHbix paiiee b Hayice aBJieHnii n 3t])t])eKTOB npeACTaBJiaioTca 
BecbMa 3aMaHHHBbiMH, ho Bnojme peajibHO aocthskhmmmh npn odiunx 
KOJiJieKTHBHbix ycnjinax HejioBeaecKoro pa3yMa. HoBbie npopbiBHbie Tex- 
hojiothh npiidnuacaioiHerocn XXI Beica noTpedyioT cepbe3Hoii jiomkh mho- 
rnx yKopeHHBmnxca npeACTaBJieHHH, n ocTaHOBHTb 3 tot nporpecciiBiibiii 
npopecc ABnaceHna BnepeA Hejib3a. 

TaKHM o6pa30M, ocHOBbiBancb Ha o6meM aHanH3e TeopcTunecKoro n 3 kc- 
nepHMeHTanLHoro MaTepnana h MHoromicneHHbix hmcioihhxch b sucKTpo/iHna- 
MHKe npoTHBopeHHH n napapoKcon. OTMC'icimwc Bbirne AOnonHemia n VTO'ine- 
hhji o6menpnHJiToro 4>opManH3Ma MaKCBenna CBenncb, npeacpe Bcero, k rnaB- 
HOMy BbiBOfly, hto y mo6oro ABHacymero 3apaAa cymecTByeT He oaho, KaK 
npeAnonaranocb paHee, a psa BHAa MarHHTHbix nonen: BeKTopHoe MarHHTHoe 
none H = rot A h CKanapHoe MarHHTHoe none // = — div A. Bonee Toro, KaK 
OKa3anocb, TonbKO 06a BHAa MarHHTHbix nonen H h // oTpaacaioT, HaKOHeu to, 
nonHbie MarHHTHoe cbohctbo mo6oro ABiiacymerocn aapana b hx Hepa3pbiBHOM 
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ii rna hM onono.TiiHiomcM cnmiCTBC. Ho caviBiM nopa3HTeni>Hi>iM OKa3ajiocB to, 
KaK OTMenanoct y>Ke BBirne, hto CKannpHoe ManniTHoe none, b npoTHBonono>K- 
HOCTB H3BeCTHOMy BeKTOpHOMy, He B3aiIMO,TCiiCTByCT C OOBI'IIIBIMH MaTHHTHBIMH 
MaTepiianaMH, a cncnoBaTcnbiio, Boo6me He motjio Obitb onpcncncuo H3BecT- 
hbimh bo BpeMeHa Oapanen h AMnepa o6menpiiHJiTBiMH MCTopaxm (>Kene3HBiMii 
oniinKaMii). hto b KaKoii to CTenemi o6bhciijict 3aKOHOMepHOCTB iapovKpcniisi. 
noMHMO npo'iiix npii'niii, myoonaiinicro 3a bcio HCTopino Hayrai KpH3Hca b 
cjiyH/taMeHTajiBHoii (j)H3HKe. Ctojib HeoncnnaHHBiii bbibo,h o cymecTBOBaHim eme 
onnoro Buna MarmiTHoro noun Ha, Ka3anocB 6 bi, ocioonannoM He6e ooiucnpii- 
HJITBIX H yKOpeHHBIHHXCII KOHIienilHH B COBpeMeHHOH (|)II3IIKe, JIOMajI Bee xopo- 
uio ycTonBimiecji h npiiBBiHHBie npencTaBnefflin b sneKTponHHaMHKe MaKCBen- 
na. Ho 3aTO npocraM h ccTCCTBeniiBiM nyTeM nerKO ycTpannn, iiaKoncn, Bee 
HaKonneHHBie 3a nmiTcnBiiBiii ncpiion cBoero pa3BHTnn MHoroHiicneHHBie napa- 
HOKCBI H npOTHBOpC'IHSI. 

OziHaKO HanGonee BancHBiii cjiyHnaMeHTajiBHBiH bbiboh H3 o6mero aHanH3a 
OCHOB (J)H3HKH OKa3aJIC5I CBH3aHHBIM BOBCe He CO CBOHCTBOM CaMOTO 'IJTCKTpiTie- 

ckoto 3apnna h cymecTBOBaHneM y Hero nayx bii.tob MarniiTiiBix noneii, a, npe- 
>k,tc Bcero, co cbohctbom caMoii cpcnBi (])ii3ii'ice koto noun, b KOTopoii paccMaT- 
piiBacTCsi 3 tot 3apnn. Bonee toto, KaK sto oyncT ycTaHOBJieHO nanBiiciiiriiiMH 
Hccne^oBaHiuiMH, 6e3 yncTa cymecTBOBaHiui y nBH/Kyiricrocn iJieKTpii'iccKoro 
iapapa eme h CKannpHoro MarHHTHoro noun, Boo 6 me 6 bijio obi HeB03M0>KH0 
nonyniiTt nonHoro omicaHiin sjieKTpoMarHiiTHBix cbohctb BaKyyMHoii cpezjti, 
T.e. o 6 a Bii/ia ManniTiiBix noneii TecHO BiaiiMOCBHianbi npyr c npyroM h co cpe- 
jioh (|)H3H l iccKoro BaKyyMa. Ho npoK/ic hcm roBopiiTB 06 3JieKTpoMarHeTH3Me, 
3JieKTpoMarHHTHBix hbjichiuix h 3nc kt ponnna m n k c KaK HayKe (b tom niicnc h o 
mioobix npynix pa men ax coBpeMeHHoii c|) it3itkit), oKa3anocB iicooxohhmbim, 
npeHcne Bcero, onpenenHTB ochobhbic MaKpocKoniinecKHe cBoiicTBa cpezjti 4 >h- 
3HHecKoro BaKyyMa. Bhobb, KaK sto 6 bijio ynce b npomnoM BeKe, ncicnioHHTenB- 
ho aKTyanBHBiM ocTaeTcn Bonpoc: HBJineTcn nn cpena (j)H3HHecKoro BaKyyMa 
npeiiMymecTBeHHoii chctcmoh OTcncTa nnn pamiiHiibix (Ihiihhcckhx nBneHiiii b 
jiOKanBHBix oonacTHX peanBHoro npocrpaHCTBa h KaKOBBi ee CBoiicTBa b kocmh- 
necKOM h m c>K3 b cmno m npocTpaHCTBe. Pe3ynBTaTBi aHanH3a bhobb Tpe 6 oBann 
nepecMorpa Bcero HaKonneHHoro no nacTosnncro BpeMeHii 3 kc n epn m emanBHO ro 
h TcopcTiniccKoro MaTepnajia Ha ocHOBe y>R'c hobbix 6 onee npiieMJieMBix ooirmx 
4)HHOCO(J)CKHX II (|)H3HHeCKHX KOHIienilHH C peilBIO B03M05KH0CTH HailTIl, HaKO- 
Heu, bbix on H3 coinaBmciicn kph3hchoh ciiTyaiiHii. 

TaKHM o6pa30M, nononniiB H3BecTHBie b 3jt c kt pon ii na miikc ypaBiicniisi 
MaKCBenna btopbim CKannpiiBiM MariiiiTiiBiM noneM ii nacraHHO biihoiiimciihb 
hx, c yneTOM sneKTpoMarHHTHBix cbohctb cpenti c|)H3HHecKoro BaKyyMa, aBTopy 
ynanocB Haiira, HaKOHeu, ciicTeMy nnfjnjiepeHiiHajiBHBix ypaBHeHiiii sneRTponn- 
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HaMHKH, noJiHOCTBio CBjmHHtix co CBOHCTBaMH cpcnbi (|)H3H'iccKoro BaKyyMa. B 
hoboh ciicTeMe ypaBHeHHH y>Ke hct o 6 menpHHsm>ix tokob nepeHoca h CBHiaii- 
Horo C HHMH (J)OpMajIH3Ma /(OnOIIHHTeilBHBIX yCHOBHH, HOpMHpOBOK, Kann 6 po- 
bok, iriTpuxoBaimwx Koopm-maT, 5-c|)ynKiiH h h t v t., iicooxo.thmoctb BBcnciinsi 
KOToptix b (J)H3HKy 6 bina o 6 ycnoBneHa tcm, hto ypaBHeHiM MaKCBenna Sbdih (h 
06 3tom npenynpe>Knan caM MaKCBenn!) orpaHHHeHbi h He npuMeHHMBi jj.ru 
cnynan He3aMKHyTBix tokob, OTpe3KOB TOKa h OTHcnbiibix iapsmoB. Mc>Kny tcm 
K aK HOBaa nononHeHHan cucTeMa nHfj^epeHUHantHbix ypaBHeHHH jjrsl neyx bh- 
noB MarHHTHBix nonen - BeKTopHoro h CKannpHoro, OKaibiBacTcn yace npnvie- 
hhmoh jjrsl jiioobix cnynaeB 6e3 orpaiiHHcni-m. B 'iacTiioM cnynae ni-mcHiioro 
OccKonc'inoro TOKa, jjrsl KOToporo nonycTHMa npHMCiiHMOCTb ypaBHeHHH MaK¬ 
CBenna, nonyHeHHan HOBan cucTeMa ^H<|Kj)epeHUHajii>Hbix ypaBHeHHH CBonnnacb 
k CHCTeMe ypaBHeHHH MaKCBenna jjrsl onHoro MarHHTHoro nonn. To ecTt, toub- 
ko cennac y>Ke mo>kho onpeneneHHo 3anBHTB, hto npezinoKeHHbie MaKCBennoM 
ypaBHeHHJi one kt ponuna m h k h MoryT 6 biti> npaBOMepHO npuMciiHMbi toubko jjrsl 
onnoro c.THncTBcimoro cnynan nuncHiioro 6 ecKOHeHHoro TOKa. Bo Bcex npyrux 
cnynanx ypaBHeHHJi an c k t p o n h 11 a m h k h MaKCBenna, k concaneHHio, He HMeiOT 
KoppeKTHOH npHMeHHMOCTH. Ho nance Ha iiananBiioM 3Tane, H3 ooiiich chctcmbi 
nonyneHHBix nn<j}c|)epeHHHanbHbix ypaBHeHHH HenpoTHBopeniiBOH sneKTponn- 
HaMHKH HByX THnOB M3THHTHBIX nonefi, B nOHJITHOM JJRSL BCeX MaTeMaTHHeCKOM 
<J)opManH3Me, HenocpencTBeHHO npocMaTpHBaeTCJi y*e ray 6 oKan <J)H3HHecKan 
cymHocTt ypaBHeHHH auc kt pon h 11 a mhkh h iienocpencTBcimaH cbh3b hx c MaTe- 
pnantHOH cpezion (J)H3HHecKoro BaKyyMa. 

HanaTtiH eme non BeKa TOMy Ha3an HanantHtiH 3Tan HccnenoBaHiui 
cbohctb MaTepnantHOH cpcnu pcanmioro OKono3eMHoro npocTpaHCTBa rpaBH- 
TauHOHHoro nonn h (J)H3HHecKoro BaKyyMa, ocHOBbiBancn Ha nornnecKOM oc- 
MBieneHHH H3BeCTHBIX o6me(|)HnOCOC|}CKHX H o6me(J)H3HHeCKHX npeflCTaBneHHH 
KaK b HayKe /rancKoro npomnoro, TaK h b HayKe IX h XX BeKa BnnoTt no Ha- 
CToniiiero BpeMeHH. OcuoBbiBancb Ha aHanH3e h o6o6meHHH mhothx Teoperane- 
ckhx h 3KcnepHMCiiTanBiiBn, (jiaKTOB. nocTOBcpno y>Ke ycTaHOBneHO, hto peant- 
Hoe OKono3eMHoe npocTpaHCTBO rpaBHTaiiHOHHoro nonn h (J)H3HHecKoro BaKyy¬ 
Ma He SLBRSieTCSL a6conioTHO nycTtiM npocTpaHCTBOM h h3bcctiibic h noBceMecT- 
ho HcnonbiycMBic b iiacTOsnuec BpeMn (liopManbiio-MaTCMaTH'iccKHC MCTonbi, 
npcvKnc Bcero, b TaKHX ocHOBononaraiomHX Teopiinx, KaK cneHHanbiian h ooman 
TeOpiIH 0TII0CHTCnbllOCTH. SLBRSieTCSL y>Ke npOCTO IICnOnyCTHMblMH. IlMeHHO 3TH 
Teopiiii, KaK OTMcnanocb bbiiiic b BbicKaabiBaiiHsix bh,t11 bix ynenbix, b oonbiiicii 
CTeneHH noBHinibi b tom, hto cofipcMCiiiian HayKa OKanauacb b OCiHcxonnoM 
TymiKe. H Bbixon H3 stoto TymiKa ocTaeTcn TonbKo b KapnHiianbiioM H3MeHeHiin 
cymecTBa KaK sthx, TaK h p sijja npyrux Teoprai. 
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Htoobi noay'icimaa HOBaa nenpoTHBopcniBaa cucTeMa ,Tii(|H|)cpcniuiaab- 
hbix ypaBHeHHH hjul ,TByx TunoB MariiHTiiBix noaeii, ycTpanaioinaa miiothc npo- 
TiiBopenna h napapoKCBi coBpcMeimoii sa e x t p o a h n a m h x h , He npeBparariacb b 
HarneM co3HaHHH biiobb b MHoroBeKOByio aorviy. aBTopoM naiiaciibi /lOKaaaTcab- 
CTBa cymecTBeHHOH orpanii'icimocTH npeaao'/xeimoro MaxcBeaaoM MaTeMara- 
necxoro <J)opMai[H3Ma omicaHiia aaexTpiiHecxnx h MarHHTHbix noaeii npiiMeHH- 
TeJIBHO HMeHHO K CBOHCTBaM BaXyyMHOH CpCHBI H IICOOXO.THMOCTH cKopeiiincro 
/laabneiiinero eoBepmeHCTBOBaHiia 3toh «ncnpoTHBope i niBoii» Ha nepBOM 3Tane 
cucTeMBi ypaBHeHHH. KcTara, Ha nepBOM uane ncooxoaiiMocTb aonoancniia 
HMeHHO ypaBHeHHH MaxcBeaaa eme o,tiihm ypaBHeHHeM aaa cxaaapHoro Mar- 
HHTHoro noaa 6biJia BbiiBana TeMH o 6 c t o a t ca b c tb a m 11, hto aBTopoM ciiaaaaa 
6bia npHHJiT 3a ocHOBy MaTeMaTiiHecxnii (J)opMajiH3M, npeaaoaceHHbiii MaxcBea- 
jiom, noaaraa ero BnoaHe npneMaeMbiM Ha HanaabHOM 3Tane, a caMoe raaBHoe, 
noHJiTHtiM zpia Bcex. Ho xor/ja Ha caeayiomiiM 6oaee yraySaeHHOM 3Tane o6Ha- 
pyvKa-iaacb cymecTBcnnaa orpanii'icnnocTb yace caMoro m aTC Mara 'ice ko ro t|)op- 
MaaH3Ma MaxcBeaaa npHNieiiHTcabiio k onucaHHio BeKTopHoro h cxaaapHoro 
MarHHTHoro noaa aepei tokh CMemeHiia h k onucaHHio 3Hepremnecxnx xapax- 
TepucTHK cpe^Bi (j)H3HHecKoro BaxyyMa, to 6bia HaiineH 3HanHTeabHO 6oaee 
npocTOH (J)opMajiH3M ezjHHoro noaHoro MarHHTHoro noaa H n = |Hj_|r 0 + |//|||xo, c 
noMomiao KOToporo y/iaaocb aerao ycTpaHHTb B03HHKnine noBbie nporaBope- 
nua h cymecTBeHHo ynpocTHTb 3anncb caMHx ypaBHeHHH 3ac kT poa h na m n k h . 
ToatKO b paMKax npeziCTaBaeffliii o noaHOM MarHHTHOM noae ynaaocb, HaKOHeu, 
ycTpaHHTB TpyanocTii b onpcacacnnn aircpni h BjaiiMo/iciicTBiia BCKTopiibix h 
cxaaapHbix MarHHTHbix noaeii. OziHaxo, xax noxasaan ^aabHennine uccae^OBa- 
hhh, <J)opMaaH3M noaHoro MarHHTHoro noaa Taxace oxa3aaca orpaHHneHHbiM 
npuMcnuTcabno x onucaHHio cbohctb (|)H3H'iccKoro BaxyyMa, Tax xax He yaa- 
aocb CBH3aTb SHeprnio noaapH3aiiHH cpeabi (J)H3HHecxoro BaxyyMa c SHepmen 
noaHoro MarHHTHoro noaa aBii>xyincrocH lapana. EauncTBcinibiii HenporaBope- 
HHBbiii bbixo/i H3 coi.aaBineiica hoboh napa/ioKcaabnoii cHTyaunH oxa3aaca B03- 
MoacHbiM Toabxo npn noaHOM OTxa3e ot peaabHOCTH cymecTBOBaima xaxnx 6bi 
to hh 6biao MarHHTHbix noaeii h aonymeHiin cymecTBOBamia y aio6oro zibh- 
acymeroca 3apaaa Toabxo rpaaneHTHbix aaexTpimecxHX noaeii (nan aecjiopMH- 
poBaHHbix "aiinaMHHccKiix" saexTpiiHecxnx noaeii), o a cm xax pa3 h npeaynpe- 
■/Kpaa b CBoe Bp c nisi AMnep. EIpopoiccKiic npeacxaiaima AMnepa noaHOCTbio 
noaTBcpanancb, h paabnciiirniii nporpecc b coBpeMeHHoii Hayxe oyacT /ichctbh- 
TeabHO HeB03M0)xeH, ecan mbi He OTxaaceMca, iiaKoiicii. ot ohihoohiio BBcacimo- 
ro b (j)H3Hxe noHaraa "MarHHTHoe noae". B paMxax 6oaee noaHoro npeacTaBae- 
mia o rpaaneHTHbix «aHHaMiiHecxnx» saexTpiiHecxnx noaax Haraa^HO npo- 
CMaTpiiBaeTca h rpyoaa ohih6ohhogtb aonymenna MaxcBeaaa o npiiMeHUMOCTii 
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TcopcMbi Ompo rpa/ic ko ro-Faycca k a jt c kt p h i i c c k h \t nojMM .amivKyincrocH iapa- 

m- 

H ecnH mbi tojibko-tojibko eme iia'iniiacM ocMBicmiBaTB h ocomaBaTB bo3- 
mo>khoctb cymecTBOBaimsi cKanapHtix viariiHTiiBix nonefi, npo.iojiBiiBix sneic- 

TpOMarHHTHBIX BOJIH, B03,BCHCTBHa HX Ha OHOJIOrHHCCKHC OOBCKTBI, B03/ICHCTBHSI 

Ha cpeziy c|)H3HHecKoro BaxyyMa [1], miBaji MaTepiM zjaBHO y*e Hcnont3yeT sth 
h MHorne zipyrne nBJiemM h scjjcjjeKTBi asm CBoen o6bihhoh h noBcemieBHOH 
>KH3He/ieHTeiH>HOCTH. Eme aa/ioaro /io HananBHBix ojicMciiTapiiBix npeziCTaBJie- 
HHH HCJIOBCKa 06 OJICKTpH'ieCTBC, SJieKTpOMarHHTHBIX JIBJieHHJIX, CBCTOBBIX >TB- 
JieHHJIX, 3ByKOBBIX H yjIBTpa3ByKOBBIX HBHeHHJIX '/KHBOTIIBIH MHp He0C03H3HH0, 
ho yMeno ncnoiH>30Bai[ Bee sth npupoxmkie nBnemui asm CBoen o6bihhoh >kh3- 
He^eHTentHOCTH. /],a>KC caM opraHH3M ’icnoBCKa, Rax H3BecTHO yace b HacToamee 
BpeMa, HMeeT cnoacHeiimyio snexTpoMarHHTHyio npupoay, xoTopyio HcnonB3yeT 
RJISL CBOeH OOBIHIIOH VX H 311C/IC HTCJIB110 C T H RJieTOHHaa MaTCpHJI IiaillCrO OpraHH3- 

Ma, a He mbi jihhho CAMH, Be3 nc/unia Harnero «BBicoxopa3BHToro, xaK mbi 
oirmoo'ino nonaranH, C03HAHMM». Harne «BBicoKopa3BHToe C03HAHHE», 
Ha noBepKy, ORa3anocB Bna/jeeT Bcero jihhib eme MH3epHBiMH inani-isiMH, no 
CpaBHeHHIO C TeMH 3HaHHJIMH, KOTOpBie 3ajIO>KeHBI B XJICTOHIIOH aCHBOH MaTepHH. 
,ZJaace caMa aoreaa xneTxa, xaK H3BecTHO, HMeeT cnoacHyio 3ji e k Tpo m a n i h t ii y i o 
npupoay, ocmbicjihtb xoTopyio mbi He cnoco6HBi ,iaacc b iiacToamec BpeMJi hc- 
nonB3ya CBoe «BBicoKopa3BHToe co3HaHHe». Mbi h 3/iccb Ha^o-nro onoj/iajiH b 
npaKTHnecKOM ocBoeHHH ocirpani-i'niBix cbohx ace B03MoacHOCTen. Elopa 6bi h 
ycTBmHTBCJi HaiueMy «C03HAHHK)» ncpcTi HaniHM ace IT0/],C03HAHHEM b 
npiiMHTHBHOCTH yxopeHHBHieroca Harnero MBimjieHHa. Cne/jOBano 6bi /jaBHO 
HaM ci|)opMyiiHpoBaTB Bonpoc: Rax zionro mbi 6yneM npoaoJiacaTB TepneTB aBHO 
3aKOCTeHenyio miepTiiocTB MBimneHHJi Harnero coinaima. nopoac,iennyio Bcero 
hhiub ycTOJiBHiHMHca xiorMaMH h ycTaHOBJieHHBiMH caMHM ace HenoBexoM npa- 
BHJiaMH H (JlOpMaMH OHeHKH JJOCTHrHyTBIX HeJIOBeXOM 3H3HHH? He nopa JIH 
0C03H3TB nary6HOCTB MHorux Harnux o6menpHHJiTBix norvi h KonnenHHii. no- 
pO)KZieHHBIX HaiHHM «BBICOKOpa3BHTBIM C03H3HHeM», KOTOpBie aBJiaiOTCa yace 
TopM030M b pa3BHTHH Harnux 3H3HHH o 3aKOHax npupo/mi? Cne/jOBajio 6bi ,TaBIIO 
yace nepeocMBicJiHTB ponB Harnero «BBicoicopa3BHToro co3iianna» b pa3BHTHH 
Bcex Harnux HayHHBix (jmnoeoiJiCKHX h (JiyHjjaMeHTajiBHBix 3H3hhh o 3axoHax 
oxpyacaiomeH Hac aciiBOH h He aciiBOH npupo/iBi. 
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HACTbl 

OEUJHE CBOHCTBA 
CPE^EI OH3HHECKOrO BAKYYMA 


rjiaea 1. OcHOBHbie CBOHCTBa cpenbi <])H3HHecKoro BaKyyMa 
OKOJioseMHoro npocrpaHCTBa 

1. 3bojhouhh npencTaBJieHHH 06 onpyacaiomeM npocTpaHCTBe 

flo nouBJieHiui paooTbi A. 3iiniriTeiina «K anc kt po .1 hi ia mhkc ziBH'/Kyimixcsi 
cpezi» (1903 r.) b (J)H3HKe rocno/jcTBOBana TOHKa 3peHiM, hto Bee peantHoe ijm- 
ihhcckoc npocTpaHCTBO 3anonHeHO TOiiHaiimcii MaTepnajitHOH cpc/ioii - scjni- 
pOM, KOTOpaa HBjIflCTCSI HOCHTeHeM 3JieKTpOMarHHTHBIX bojih ii noneii (Hbiotoh, 
Siuiep, Fioiirciic, K)Hr, Opciicnb, MaKCBenn, JlopeHii, Fcpn, Ctokc, IliiaHK h 
Z ip.)- CTaTiinecKHe 3JieKTpnHeGKne non si pac'cviaTpi-maai hc b KaK CTaTiinecKiie Ha- 
npsi'/Kcninac coctojihhji /rannoil MaTepiiajibiioii cpc/ibi, a sjieKTpoMarHHTHbie 
nona - KaK KOJicoaTCJibiibiii npouecc, pacnpocTpansnoiruiiicsi b stoh cpczic co 
CKopocTBio CBeTa. Flpii pacnpocTpaHeHim iJicKTpoManiiiTiioii bojihbi caMa MaTe- 
pnanbnan ocHOBa He npiiHHMaeT yiacTiisi b nocTynarejibHOM hbii'/Kciihh. a co- 
BepmaeT tojibko KOJicoaTCJibiioc .tbhvkchhc. 3(|)iip - runoTCTH'iccKaH Bcenpoffli- 
Kaiomaa cpc/ia, KOTopaa ianoanacT Bee MiipoBoe npocTpaHCTBO. IlepBOHaHajibHO 
3(jnip npeziCTaBJianca KaK hhcto MexaHiinecKaa oziHopoziHaa cpezia, nozioOHaa 
ynpyroMy OTUiopozuioMy Teny. FnnoTe3a McxaimnccKoro 3(|)iipa b CBoe Bp cm si 
BCTpeTHJiaCB C 60 JIBIHHMH TpyTUIOCTSIMH. B HaGTHOCTH C HeB03M0)KH0CTI>I0 npn- 
MiipiiTB noncpcniocTb cbctobbix bojih h OTcyTCTBiie conpoTHBjieHna 3(|)iipa 
ZiBH)KeHHK) iicocciibix Ten. Eonbinaa CKopocTB pacnpocTpaHeHiui sneKTpoMar- 
hhthbix bohh b scjinpHOH cpcnc cooTBeTCTBOBana iiia'iHTcabiibiM ynpyrHM CBOH- 
CTB3M cpc/lbl KaK 3KBHBajieHTa HCKJIIOHHTeJIBHO TBCpjIOTO Tena, MC/KJiy TeM KaK 
OTcyTCTBiie conpoTHBneHiui .tbhvkchhio nnaHeT b stoh cpcnc b kocmhhcckom 
npocTpaHCTBe eooTBeTCTBOBano TOMy, hto 3(j)npnaa cpc/ia non'/Kiia obitb oneiib 
pa3pn>KeHHOH cpc.Toii c OHCiib Manoii nnoTHOCTbio. TpyziHOCTH HHTepnpeTaiiHH 
MexaHHHecKoii MozienH 3(|)iipa npiiBenn b KOHiie XIX b. k 0TKa3y ot comaniiH 
nio6bix MexaHHHecKHx MozieneH scjuipa. K 3TOMy BpeMeHii b cjiH3HKe onpexienn- 



82 


3JIEKTP0^HHAMHKA <MI3IIHECKOrO BAKYYMA 


HOCB Tpil OCHOBHBIX HanpaBaeHHfl, COOTBeTCTByiOmHX TpeM T0HK3M 3peHHJI Ha 

ocHOBHoe cbohctbo acjrapa. Ctopohhhkh «a6conioTHo noKoamerocn)) 3(j)Hpa 
(MaKCBeaa, JlopeHu) cniiTaan, hto MiipoBOH 3(|)Hp HBaaeTca a6coaioTHOH chc- 
TeMOH OTC'ICTa pan a 10 DO TO Blip 3 PBH/KCIIHH. CTOpOHHHKH «nOHHOCTBK) yBae- 
KaeMoro» scjjnpa (Tepii, CraKe, IlaaHK) cniiTaan, hto acjinp noaHOCTBio yBaeKa- 
eTCJi aioOBivi HBHVKyiriHMCfl TenoM. H, iiaKonen, ctopohhhkh «HacTHHHO yBne- 
KaeMoro» acjaipa (OpeHeat, JIopeHii, no3pHee 3iixeHBaai>p h zip.) noaaraan, hto 

3(|)Hp aBIT/KyIrHiMHCfl TCJI3MH yBHCKaCTCfl TOUBKO HaCTHHHO. Bee Tpil TOHKH 3pe- 
hhji He HaniJiH noaHoro nopTBcp'/Kpcnnsi b SKcncpHMeiiTajTBiiBix naoniopcnnsix. h 
Bonpoc o npeiiMymecTBeHHOH chctcmc OTcicTa pa a onTHnecKHx h incKTpopii- 
HaMHHecKHX aBaeHHH ocTaBaaca otkpbitbim. B Teopnn IlaaHKa, CTOKca pac- 
CMaTpHBajiact bo3mo>khoctb yfiacHcnna 3(|)Hpnoii cpcpbi rpaBHTaiiHOHHBiM no- 
acvi ncoccnoro Tcaa, oaiiaKO H3-3a OTcyTCTBiM nii(|)opMannn o pciicTBiiTcnbiibix 
CBOHCTBax 3(j)HpH0H cpepti, npepnoaaraeMoe ohchb 6oabinoe 3HaneHHH rpapn- 
eHTa pacnpepeaemia naoTHOCTH acjaipHoii cpepti okojio rpaBiiTiipyiomero Teaa 
BBi3BiBaao 6oabimie coMHemia. Bonpoc o noaHOM ynacTHH nan noaHOM yBaene- 
HHH 3(|)Hpa npH PBH/KCIIHH TpaBHTHpyiOHlHX Tea OCTaBa.BCa T3K)Ke HepenieHHBIM. 

C MaTepnaancTHHecKOH tohkh ipcnna. npepcTaBncniic o Marepnaai>H0H 
epepe-3(])Hpe ypoBaeTBopHTeatHO pernaao Bonpoc o MaTepnaabHocra caMHX 
saeKTpoMarHHTHBix noaen. MaTepnaabHOCTb saeKTpoMarHHTHtix noaen 6biaa 
3aao>KeHa b MarepnaabHOCTH caMoro noci-iTcaa hx. /JaBacniic CBeTa Ha Teao 
ooi>acnaaocB MexaHH3M0M noiracpo motop1 10 ro BianMopciicTBua saeKTpoviar- 
hhthoh BoaHti c aTOMaMH sToro Teaa (TeOpeTHHCCKHH pacneT, npOBCaCIlIlBIH 
MaKCBeaaoM, paa xopomee coraacne c 3KcnepnMeHT0M), a He paBaemieM Ha 
Hero 3a cneT naan'ina y CBeTa TaK Ha3biBaeMon «Maccbi pbhvkciih51». FIpcpcTaB- 
aeHHe o naan'inn nncpiiHoimoii «\iaccBi pbh/Kciihh» y (|)OTona, coraacHO H3- 
BecTHOMy BBipa>KeHHK) E = mC~, npoTHBopenuT oomcnpunaToviy onpcaeacnnio 
Maccti KaK vicpBi KoannecTBa MaTepnn. KpoMe Toro, ecan npepnono>KHTb. hto 
«Macca pBH>KeHHa» cjiOTOHa o6aapaeT hhcphhohhbimh cbohctb3mh, to o Haan- 
hhh y 3toh >Ke Maccti rpaBHTaiiHOHHBix cbohctb HHHero onpcacacnnoro CKa33TB 
noxa HeB03M0)KH0, hto CTaBHT nop coMHeHHe BbmoaHHMOCTt (|)y npaMcnTanbiro- 
ro npuHiinna 3KBHBaaeHTH0CTH. 

B posHHHiTeHHOBCKHH ncpnop «Macca» pacc\iaTpn b aaac b KaK opna H3 
Ba)KHeHHiHX coxpanaiomnxca xapa ktc p h ct h k MaTepnn, onpepeamomen ee ko- 
aHHecTBO. B 3aK0He coxpancnna viaccbi Harnao CBoe OTpaiKeHiie MaTepnaancTH- 
necKoe npcpcTaBacnnc o HeyHHHTOiKHMOCTH cavion MaTepim h Bnpon3Mcnennn 
ee (J)opM cymecTBOBaHna. OpHaKo, c ppyron cToponbr, coraacHO hbbcctiioh 
3HepreTHHeCK0H 3aBHCHM0CTH E = mC 2 , Bpopc 6bl MO)KHO POnyCTHTB. HTO Macca 
MO)KeT onpcpcaHTBca He KoaHHecTBOM MaTepnn, a eme h KoannecTBOM sncprnn 
3 toh MaTepnn. Ho b (|)Haoco(|)CKOM naaHe, noHarae sncprnn 6e3 MaTepnn nan b 
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OTphiBC ot MaTepHH npocTO OcccMbicncnno. /JpyrHMH cnoBaMH, noHjmoi kouh- 
HeCTBO MaTepHH H KOJTHHeCTBO OHepTHH - nOHHTHH He 3KBHBajieHTHBie, HO TeCHO 
B3aHMOCBH3aHHBie. 

C noflBJieHiieM cneunantHOH Teopnn OTHOCHTenbHOCTH A. 3iiniriTeiiira b 
(J)H 3HKe HaHancn nepno,n cjiopMantHO-MaTeMaTHHecKoro h a 6 cTpaKTHO- 
cy 6 i>eKTHBHoro omicaHim c|)H3hhcckhx hb^ciihh. Tpy/inocTH. KOToptie bo3hhkhh 
b KJiaccHHecKOH (J)H3HKe, b cbji3h c HeynaHHtiMH nontiTKaMH COrjiaCOBaTB Bee 
npennonaracMbic cbohctb 3 3(|)Hpa c 3 kc nep hmci manb 11 bi mh iraoino/icnHflMH. 6 ti- 
nn oooiinciibi A. 3 HHniTeHH 0 M HpeiBbiHanno npocTO. Oh npezpio}KHn Boo6me 
OTKa3aTi>ca ot KoimcnnHH MaTepnantHoro scjnipa, a H3BecTHBie npoTHBopeniiBbie 
(b paMKax KOHueniiHH scjinpa) SKcnepiiMemantHbie cJmKTti o 6 tez(HHHTb Ha oc- 
HOBe Hcnoni>30BaHHJi onpencncniibix tjjopMantHO m a t c m a t m h c c k h x mcto.tob h 
/ lonymcni-m. Hcnont30BaHHe hhcto aDCTpa kti ro- m3tc viaT hhcckhx mcto.tob b 
OIICIIKC peajIBHBIX (|)H3H'ICCKHX HBTCIIHH, HCKniOHaiOIHHX HCOOXO.THMOCTb HCK3TB 
HM npHCM.TCMblC (|)H3HHCCKHC 06 tJICHeHHJI, .TCHCTBHTCnbllO n03B0HHH0 OObC.TH- 
hhtb paHee paipoiircniibic c|)hwicckhc ABnemin, ho hciioio BBC/ienun b tj}H3HKy 
a 6 cTpaKTHBix, no cboch cyra, ncxo.Tiibix Koimeniu-iii 06 aocomoTiro nycTOM 
npocTpaHCTBe, aocomoTiroii npuMenuMOCTH npnimnna OTHOCHTentHOCTH h pe- 
JiaTHBHCTCKHX npeo6pa30BaHHH KOOp.THIiaT H nOJieH. CoCTOJIHHe (j)H3HKH TOTO 
BpeMeHH 3HHniTeHH xapaKTepH30Ban cncnyioiHUM o6pa30M: «... b hctophh Hay- 
KH B03HHKJI0 O.TIIO H3 CaMBIX Tp3M3TH l ICCKHX nOJIO)KeHHH. Bee npC.TCTaBJTCIIM 
OTHOCHTeJiBHO noBe,neHHn scjjupa hh k neMy He npHBOflHUH... Ilocne ctoubkhx 
H eynan HacTymin momcht, Kor/ja cne,noBano coBepmeHHO 3a6i>iTi> 06 scjnipe h 
nocTapaTtcn iiHKoryia He ynoMHHaTb o HeM» [1], B aocomoTiio nycTOM 
npocTpaHCTBe npiiMciiiiMOCTb npunnuna OTHOCHTentHOCTH nciicTBHTcnbiio mo- 
nceT 6 bitb .TonycTuvia nim jho6bix chctcm OTCHCTa, ho /lonycTHMOCTb b t3kom 
nycTOM HepeajiBHOM npocTpaHCTBe paccviaTpuBaTb KaKiic-niioo pca.Tbiibic c|)H3h- 
HCCKHC flBneHHH, C (|)H3H'ICCKOH TOHKH jpCHHfl. BBI3BIBaeT 6 oHbHIHe COMHeHHJI. 

Ee3 CymCCTBOBailHH MHpOBOH CpC.Tbl 3JieKTpOMaTHHTHBie FIOJTfl TCpaiOT 
cbok) MaTepnajibHyio ocHOBy, hto noTpcooBano cpoHHoro nepecMOTpa o6mnx 
4)hhoco(J)ckhx npeztcTaBneHHH o cymHocTH MaTepnn h ee cjiopMax cymecTBOBa- 
HHa. BcKope b (jjHnocofjjHH noflBnnioTCJi HOBtie KOHuenuHH h npeacTaBneHHJi 06 
sjieKTpoMarHHTHOM none Rax 06 oco 6 oh cjiopMe cymecTBOBaHHJi MaTepHH. 3nex- 
TpoMarHHTHan BOJiHa hjih none (6e3 MaTepnantHoro HociiTenn ee) CTann pac- 
CMaTpHBaTten Rax ca mocto HTcnb 11 bic MaTepnantHtie eymHOCTH, HMeiomne ,Ta>KC 
cbok) «Maccy flBH)xeHHJi». HannHHeM «Maccti flBHnceHHJO) y CBeTa (nnn ero Be- 
ponTHOH MaTepnantHOCTbio) o6tncHneTcn B03M0)XH0CTb nepeHoca hm Ha pac- 
CTonHHe HMnynbca, xonHHCCTBa .tbh/Xciihh h siicpn-m. OmiaKO movkiio nerxo 
noKa3aTt, hto h 3ByxoBan BonHa, b o6meM, tovkc movkct nepeHOCHTb HMnyntc, 
KOnHHeCTBO .TBH/KCHHH H SIlCpTHIO, XOTJI MaTepHantHOCTb 3ByKOBOH BOnHbl, Kax 
3to ohcbh.tiio, onpe.TcnflCTcn KOHeHHO >xe MaTepnantHOCTbio caMoro nocHTcnn 
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3ByK0BBix bojih - T.e. B03;iyxa, ocTaiomcroca b coctohhhh noKOJi. OopManBHO, 
3HaH nepeHOCHMBIH 3ByXOBOH BOJIHOH IIMIiyjIBC, M05XH0 BBeCTH 71 JM 3ByXOBOH 
bojihbi aHanoniHHoe noHHTiie «MaccBi 7(BH)xeHHJi» h Haimi cooTBeTCTByiomyio 
3aBHCHMOCTB «MaCCi>I TIBH/XCIIHH)) 3ByXOBOH BOUHBI c nepeHOCHMOH cii 3IICpniCH. 

AHanorHHHaa ci-uyaiina mojxct hmctb MecTO h Tina jiioSbix jipyrux bojihobbix 
npoueccoB b pa3JiHHHBix peanBHBix MaTepnajiBHBix cpeTiax - /XH.Txaa cpc;ia, 
TBepzioe Teno, nna3Ma h t.ti. h T.n. AHajioniHHO, xax h Tina 3JiexTpoMarHHTHBix 
nonefi 6e3 MaTepnanBHoro Hocmejia, mbi mo>kcm hmctb b stom cjiynae cootbct- 
CTByioinHe anaaiiTii'iccKHC BBipa>xeHHH, CBH3BiBaioirinc nepeHOCHMBIH bojihoh 
HMnyjIBC C HeXOH MHcjlHHeCXOH «MaCCOH 7(BH>XeHHH» BOUHBI, HO nOJIHOCTBIO JIH- 
inaa ce6a bo3mo>khocth 3HaTB o cymecTBOBaHHH caMiix HociiTeneii 3thx nonen - 
5KH7JXHX, TBCp,TBIX H ra3006pa3HBIX MaTOpHajIBHBIX CpCTl. T.e. BCeTO peajIBHOTO 
npocTpaHCTBa oxpyacaioinero Hac MaTepnanBHoro Mnpa. TaxoBBi 6bijih 6bi no- 
cjictictbhh nonHoro npiiHHTHH (jiopManBHBix xoHiieniiHH SiiHinTeiiHa npiiMeHH- 
TenBHO k hio6bim bouhobbim npoueccaM. H Taxiic bbibotibi npc.TCTaBJiaioTca ccii- 
nac npocTO Gcccmbicjihiich, Tax xax cymecTBOBaHne pcrucTpupycMBix HaMH 
TBepaBix, vkh.tkhx h ra30o6pa3HBix MaTepnajiBHBix HOCHTeneii 7i jih Hac ccii'iac 
hbjihctch ohcbh.tiibim. Ho 6 bijio ace b pe m h. xorTia He 6bijio MeTOTioB perncTpa- 
HHH, nanpiivicp. B037iymH0H cpeTiBi - hochtcjih 3ByxoBBix bojih, xoth caMH 3By- 
xoBBie bouhbi nenoBex BcerTia 6biji cnoco6eH perncTpupoBaTB c noMoniBio cbohx 
cnyxoBBix opraHOB. 

TeM He MeHee, paTin tiocthjxchhh o6iiihx cjjopMajiBHBix o6o6meHHH tijih 
cnyHaa HepenicTpupyeMOH eme nenoBexoM stjmpHOH cpeTiBi 3hhhitchhom 6Bina 
npcTUiO/Xcna xoHiieniiHJi a6conioTHO nycToro npocTpaHCTBa. PexoMeHTiaiiHH 
3HHHiTeHHa nonHOCTBio 3a6BiTB o cymecTBOBaHHH scjiiipa - MaTepnajiBHoro ho- 
chtcjih 3JiexTpoMarHHTHBix nojieii npiiMeHHTeJiBHO x 3JiexTpoMarHHTHBiM boji- 
HaM HaiunH cbohx ctopohhhxob b (J)H3Hxe, npuneM HacTonBxo npHBepaceHHBix, 
hto h Tio nacToairicro BpeMeHH eme naxo.THTca apBie ctopohhhxh siiniriTeiinoB- 
CXHX XOHIienilHH, XOTH y>xe H3BeCTHBI MeTOTIBI perHCTpailHH 3(}x|)eXT0B OT C3M0H 
cpeTiBi cj)H3HHecxoro BaxyyMa. 

EeccnopHO, noaBJieHHe cneiinajiBHOH Teopnn othochtcjibhocth CBirpano 
onpeTieJieHHyio nonoacHTenBHyio ponB b pa3BHTHii coBpeMeHHOH c|jh3hxh (xax 
onpeTiejieHHoro nepexoTiHoro nepnoTia), ho He cneTioBajio 6bi 3a6BiBaTB, hto 
cneiiHajiBnaa Tcopua othochtcjibhocth no-npraxHeMy ociacTca a6cTpaxTH0- 
OTBJieHeHHOH ne(|)H3H'ICCK0ii TCOpiieii. OrpaHHHeHHOCTB cneiinajiBHOH TCOpiIII 
Tina peanBHoro npocTpaHCTBa 6BiJia 3aji05xeHa b ocHOBe stoh Tcopim caMHM A. 
3hhhitchhom (Teopua 6BiJia nocTpoeHa hm tijih aocoaioTiio nycToro HepeanBHO- 
ro npocTpaHCTBa), Moxny TeM xax bbibotibi Tcopim, 6e3 xaxHX-jin6o orpaHHHe- 
hhh, CTajin npiiMeHHTB tijih peajiBHoro npocTpaHCTBa. Taxon cjiopMajiBHBiH ne- 
peHoc bbibotiob Teopna c nycToro npocTpaHCTBa Ha peanBHoe, ecTecTBeHHO, 
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npuBen k noHB.Beiiwo b (|)H3hkc pa .3 a napa/iOKCOB h aocTpaKTinax bbibo/iob [2- 
10]. B Teopnii oTHociiTejiBHocTH Ham.au cBoe oTpaxKemie cy6i.eKTHBHo- 
HjteajiHCTHHecKne Birim/iia A. 9HiiiriTCHiia OaonymciiHe hm onpeoc.aaiomcH po- 
jih iiaDaio.aaTcaa-cyDiiCKTa) Ha npocipaHCTBO, Bpc\i3. MaTepnio h ee obi-T/Kciihc. 
«KpHTHKya o6me(j)HI[OCO(])CKHe HZleajIHCTHHeCKHe BBICKa3BIBaHIM 3HHIHTeHHa, 
IICpC.TKO TOBOpjIT O IICOOXOOHMOCTH COXpaHeHHJI TeOpHH OTHOCHTeUBHOCTH 
SHHUiTeiiHa KaK «c[)H3hhcckoh Teopnn». H3 CKa3aHHoro bbiiiic CJic/iycT. hto Ta- 
KOH 130,3X0.3 K SHHHITeHHOBCKOH TeOpHH OTHOCHTeUBHOCTH IICnpaBHJICII. Bo- 
nepBtix, o6mec])Hi[oco(])CKHe nono5KeHHJi, npoB03rnamaeMi>ie SHHiHTeiiHOM, He 
flBJDHOTCJi Ha caMOM xiene HeKHM «npiiBecKOM» k ero Teopnn, Bcero jihihb 
«HenpaBOMepHBiM bbibo/iom h3 Hee», a bxooht b Hee, cymecTBeHHo onpc,3c.3HioT 
ee concpvKaiiHc. CaMH no ce6e ypaBHeHini, (liHrypi-ipyioiru-ic b stoh Tcopi-m. He 
COCTaBJUHOT «<[)H3HHCCKOH TeOpHH», M 3 TC p H a .3 H C T H 'I C C K O C )Ke HCT OJIKO B 3H He 
33KOHOMepHOCTeH OBICTpBIX .TBHVR'CIIHH CCTB B ,3 C H C T B13 TC-3 B110 C T H OTK33 OT 
TeOpHH OTHOCHTeUBHOCTH 9HIIIIITCHIia KaK OT (])H3HHCCKOH TeOpHH H p33BHTHe 
npnHuunnajiBHO hhoh no CBoeii cym c[)H3HHecKOH Teopnn. Bo-btopbix, 
CTpeMJieHiie «no.3npaB.3HTB» ailiiiiiTeiliioBCKyio Teopnio othochtcjibhocth, 
«hhhhtb» huh «naTaTB» ee 3anyTBiBaeT (JiaKTHnecKoe nono>KeHHe .qen b stoh 
OOaaCTH (])H3HKH. OHO HenpaBHJIBHO OpHeHTHpyeT VHCIIBIX, CHHMaeT C |])H3HK0B 
aa/iany BcccTopoiiiicii pa3pa6oTKH ochob .bchctbhtc.bbiio iiayiiioii h 
nocne/jOBaTenBHOH Teopnii obiivkciihsi c 6ojibhioh ckopoctbk), ociioBainioii Ha 
npnHunnax ztHaneKTHHecKoro MaTepHanH3Ma, a,neKBaTHO BBipa^aiomen 
eymHOCTB VVKC n03H3HHBIX 33KOHOMepHOCTeH H OTKpBIBaiOmeH nyTH .3.33 
pacKpBiTHJi hobbix «3aKOHOMepHocTeH».» [11]. Mtoobi pa3peiHHTB 
«ZipaMaTHHecKoe nono>KeHHe», A. 9hiiiiitchii npc.B.ao'/KH.B oTKaiaTBca ot 
npH3H3HH3l cymecTBOBamiJi hio6oh MaTepnajiBHOH Cpe.TBI, HO «... B 
XjeHCTBHTeUBHOCTH ZipaMaTHHeCKOe nOJKOKefflie B (|)H3HKe COXpaHHJIOCB H 3(0 
Harnux oiicii h hmchho noTOMy, hto npHHHjiH pcKOMCii.TaiiHio A. SiliiiiiTciiiia 
«coBepmeHHo 3a6BiTB 06 TijiHpc h iiHKoryia He ynoMimaTB o HeM». Hmciiiio c 
3TOTO MOMeHTa «TeOpHJI (])H3HHeCKHX 3B.3CIIH3 npHIiy'/K.BCIia 013.33 pa3BHBaTBC3 B 
CTopoHy HeyMepeHHBix MaTeMamHecKKX aocTpaKHHil. MHorne 3b.3ciih3 cTann 
Ka3aTBC3 eii «CTpaHHBiMH» h «3ara^0HHBiMH» h neM xianBnie, TeM OonBHie b stoh 
Teopnii CTann iiaKan.3HBaTBC3 HepemeHHBie npo6neMBi» [12]. B 
MHOTOHHCJieHHBIX HCC-BC.BOBailHSIX MHOTHe aBTOpBI p33HBIMH nyTJIMH npHXO,3H.3H 
K BBIBO.Ty O IICOOXOOHMOCTH npH3IiailH3 peajIBHOCTH CV IlICCTBOBailHH MHpOBOH 
Cpe.TBI. B CBoe BpeMJI B nOHB3y npH3HaHHJI HCKJIIOHHTeJIBHOH pOUH yHH- 
BepcajiBHOH mhpoboh cpcoia BBicTynaji n. /JnpaK: «... ecnn nepecMOTpeTB bo- 
npoc, to TenepB MoryT 6bitb bbi/ibhiivtbi cohh/ihbic coo6pa>KeHHJi b nonB3y no- 
laaiyBHipiixEBfflHDHisi^HpeihUM]!!}]:! cVl HCKcmya’BaxiKpiBiiii oBHimTjiMJHHaeBQHirBpoHpi&iiep- 
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BaKyyM», ho, KaK xopomo no.iMCTHJi J\.U. Ixtoxhiihcb «... to, hto b ([jhbhkc chh- 
TajIH nyCTOTOK), Ha CaMOM HCJIC flBJTflCTCfl HeKOTOpOH CpC.TOl'i, H330BCM JIH MBI ee 
no CTapHHHOMy «3c[)HpoM» hjih 6onee coBpeMeHHBiM cjiobom «BaKyyM» ot sto- 
ro cyTt nesia He MeHaeTca...» [14]. 

TaKHM o6pa30M, ecnn b o6meM oxapaKTeprooBaTB coctoshihc b coBpeMeH- 
hoh (|)H3hkc Ha nepno/i c Hanajia XX BCR'a /to 60-70 ro/iOB. to mo>kho otmcthtb 
xapaKTepHyio Tcnncniimo B03BpaTa k npencTaBJieimio o cymecTBOBamiH b ok- 
py>KaiomeM Hac peanBHOM npocTpaHCTBe MaTepnajiBHOH cpejjBi c[)H3HHecKoro 
BaKyyvia, KOTOpaa y paiiibix c|)H3hkob, k co>KajieHHio, HMeeT pa3Hoe (|)hwicmkoc 
nOHHMaHHe. O.TIiaKO, OrpOMHOe KOJTHHCCTBO TCOpCTHHCCKHX H 3KCnepHMeHTanb- 
hbix (])aKTOB, HaKonjieHHbix 3a ^nHTentHbin nepnozi BpeMeHH b Hayxe, Bee 6onee 
h 6onee He yKna/iBiBanocB b paviKax yKopeHHBninxcji cofipcMcniiBix Teoprai - 
CneilHajIBHOH Teopun OTHOCHTeJIBHOCTH, OOmcii TeOpHH OTHOCHTeJIBHOCTH H 
KBaHTOBOH MexaHHKH. MHorae oninOoHHbie npejiCTaBJieiiHH b coBpc\iciniBix 
(J)H3HHeCKHX TeOpHJIX, H OCOOCIIIIO B T3KHX aOCTpaKTHBIX TeOpHJIX, KaK CnCHH- 
ajiBHaa h o6maa Teopun othochtcjibhocth, jiaBiio v>kc nyvK.TaioTCH b cepBihnBix 
H3MeHeHHJIX H /lOnOJIIICIlHSIX. Ho CUC/iyCT HMCTB B BHJiy. HTO «... IICOOXO.THM 
3HaHHTeJIBHO OOJICC pa^HKajIBHBIH nepeCMOTp Teopun OTHOCHTeUBHOCTH H KBaH¬ 
TOBOH Teopnn, npuneM iia.TO Oy/ICT nonBiTaTBca He Koe-KaK npi-icnocooiiTB hbi- 
HeniHiie Teopnn, npHHHMaa b hx ocHOBe npe.TnonovKciiHH, a KopeHHBiM o6pa30M 
nepecMOTpeTB hx nornnecKyio h (|)Hnoco([)CKyio 6a3y...» [15]. CymecTBOBaHne 
MaTepnanBHoro HOCHTeJia - peajiBHoil c[)H3HHecKOH cpe/iBi /piia sjieKTpiiHecKHX, 
M3THHTHBIX, SJTCKTpOManiHTIlBIX. rpaBHTaUHOHHBIX H a/ICpilBIX nOJieil OK33BIBa- 
eTCJi BecBMa nno/iOTBopiiBiM npi-i nocTpoeHHH nenpoTHBopcHHBoii (|)H3hhcckoh 
Teopnn, xopomo cornacyiomeHca c MaTepnajiHCTHHecKHMH npeacTaBJieHHaMH o 
B3aHMonpeBpamaeMocTH MaTepmi h ee HeyHHHToaciiMocTH h HecoTBopuMocTH. 


2. KomieiimiJi Miipouoii cpe^bi h 3KcnepHMeHTajibHbie HaSjiioaeHHSi 

OcHOBBiBaacB Ha npoBC.TCimoM airanu jc orpoMHoro ([laKTH'iccKoro 3Kcne- 
pHMeHTajiBHoro h TeoperaHecKoro MaTepnana [16-34], 6bijio ycTanoBncno [2- 
10, 35-38], hto MHorne cnopHBie BonpocBi b onTHKe h sjieKTpoziHHaMHKe nycTO- 
ro npocTpaHCTBa cneunajiBHOH Teopnn OTHOCHTeUBHOCTH (CTO) h oomcKOBapi-i- 
aHTHoro npocTpaHCTBa o6men Teopnn OTHOCHTeJIBHOCTH (OTO) ocTaiOTca ,to 
nacToamcro BpeMeHH He pa3pemeHHBiMH no npn'iniic urnopupoBanna b sthx 
T eopnjix, npeayje Bcero, onpeaenaiomeH pojin KaK caMoii cpejjBi (])H3HHecKoro 
BaKyyMa, TaK h b 3a hmo,tc li ctb y io m hx c Heil MaccnBHBix rpaBHTiipyiomHX Ten. 
npn HTHopHpoBaHHH onpe.iejiaioincn ponn MiipoBOH cpc.TBi b ORpyacaiomeil Hac 
.HeHCTBHTeJIBHOCTH, MHOrHe 3KCnepHMeHTajIBHBie (J)3KTBI B SJieKTpOZIHHaMHKe, 
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onTHKe, 3JieKTpoTexHHKe, MexaHmce, KBaiiTOBoii MexaHHKe, acTponovinH. TepMo- 
xtHHaMHKe ii bo MHorax npynix oonacTsix HayKii h TexHiiKii He naxo/WT ce 6 e 
y no b a ctbo piiTCJiBi 10 ro n e npoT hbo pen hbo ro ooi.hciiciihsi b paviKax coBpcMciniBix 
npcncTaBnciiiiii. B coBpeMeHHOH amepaType 6 bijio nocBameno orpoMHoe kojih- 
necTBO nyoniiKaiinii KaK b npoiunoM, Tax h b iiacToamcM paccMOTpeHHio h 06 - 
cy>KneHHK) MHoroHiicJieHHBix npoTHBopciiiii h napa/iOKCOB b CTO h OTO. flna 
ycTpaHeHiui sthx npoTHBopciiiii n napa/iOKCOB b CBoe Bpcvtsi npcnaaraancb pa3- 
Htie Teopnii h paccMaTpiiBajiHct pa3HHHHtie Mo/ican peantHoro npoeipaHCTBa. 
A 6 cojhotho nycToe npocTpaHCTBO CTO y>KC He ycTpaiiBano MHorux (|)H 3 hkob. ii 
6 buiH npcnaovKciibi Teopnn n m oncan MaTcpnaabiioro npoeipaHCTBa, cocTomnc- 
ro Kax H3 BiipTyajiBHBix, Tax h pcaaiaibix MaTepnajibHbix Hacnin. Hamnocb He- 
Mano CTopoHHHKOB ,aa>Kc BoipovKncniisi hhcto \iexanncTH'iecKnx npcncTaBne- 
HHH O CBOHCTBaX MHpOBOH MaTepHajIbHOH cpcnw, pajllblC THnbI /IBM'/KCIIMH KO- 
Topoii hkoobi nopovR’naioT Bee MHoroo6pa3He pa3nnHHbix (])H3H'icckhx noneii b 
H eir TIo hx npcncTaBncniiio. nepBonpu'innoi'i Bcero MiiorooopaiHH OKpyacaiome- 
ro Hac MHpa hbjmctc n hhcto McxamiHCCKaa nucKpeTiiaa MaTepnaabHaa cpena b 
pa3Hoo6pa3HeHiHHX (jiopMax CBoero nsH)KeHHJi - nocTynaTenbHoro, BpamaTent- 
hoto, KoacoaTcainioro h hx KOMOi-maiu-m. B KaKon-To cTeneHH sth Monean cpe- 
nbi noBTopanH npencTaBJieHHJi (|)H3 hkob npoiunoro Bexa o MexaHHHecKOM acjuipe 
h mho rue HepenieHHtie npo 6 neMbi MexaHHHecKoro atjjnpa ociaioTca He perneH- 
HBIMH H B 3THX HOBBIX MOnCaHX 3(|)Hpa BnjIOTB ,T 0 IiaCTOflHICrO BpeMeHH. O.TIiaKO 
6 bijio npenno}KeHO h mhoto opiirHHanbHbix MoneneH h nonxonoB, ocHOBaHHbix 
Ha aHajIH3e MHOTOHHCJieHHblX H3BCCTHbIX 3KCnepHMeHTajIBHBIX pe3yJIBTaT0B. 
Hanooacc o 6 menpiiHJiTOH xioncabio MarepnaabHon open bi peajibHoro npocipaH- 
cTBa b nocacnncc Bpcvtsi cniiTaeTCJi MO/icnb cpcnin (|)H3H'iccKoro BaKyyMa, co- 
CToamcii H3 BiipTyajiBHBix 3JieKTpoHHO-no3HTpoHHBix nap, T.e. aHHurujinpyio- 
meii h TyT >Ke po'/Ryiaioinciica BHOBb 3JieKTpoHHo-no3HTpoHHoii napbi. Ho name h 
b 3tom noaxonc hmciotch pa3JiHHHbie Monean caMon nucKpcTiioii cpcnw (|)H3ii- 
HecKoro BaxyyMa c pa3MepaMH HacTim ot 10'° no 10 so cm, ho, KaK npaBHJio, jih- 
HieHHOH OCHOBHOTO CBOeTO CBOHCTBa - 6 bITb npeHMymeCTBeHHOH CHCTeMOH OT- 
cneTa KaK naa onTiinecKiix, TaK h nan sneKipunecKiix, MarHHTHbix, KBaHTOBbix h 
M exaHHHecKHx uBneHHH npuponw. OTpimaTenbHoe BjinaHne nepnona rocnon- 
CTBa Ohiiiiitciiobckhx npencTaBneHHH o nycTOM npocTpaHCTBe b coBpeMeHHOH 
(J)H3HKe oKa3anocb ctohb 3HaHHTenbHbiM, hto MHorne aBTopbi eme naHTenbHoe 
BpeMJI nponOIDKajIH CTpOHTb CBOH HOBbie «(j)H3HHeCKHe» TeOpHH «cpenbl (J)H3H- 
necKoro BaKyyMa», jihihchhoh CBoen ochobhoh MaTepnajibHOH cymHOCTH - 6 biTb 
npeHMymeCTBeHHOH chctcmoh oTcicTa. 

H3 aHanH3a pa3HHHHbix aKcnepiiMciiTaabiibix ([laKTOB b o6nacTH onTHKii h 
sneKTponHHaMHKH 6bino ycTaHOBJieHo [24—34], hto ocHOBHoe cbohctbo cpc.Tbi 
<])H3HHecKoro BaKyyMa - 6biTb npeHMymeCTBeHHOH CHCTeMOH OTcneTa rjisl jiio- 
6bIX OnTHHeCKHX H 3 JT C K T p O 71 HI I a MII 'I C C K H x HBacini ii b6hh3h nOBepXHOCTH Mac- 
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CHBHoro rpaBHTiipyiomero Tena 3eMnn 11 b oxono3eMHOM npocipaHCTBe - o6y- 
cnoBneHO .neiicTBiieivi Ha c[)H3HHecxHH BaKyyM, npe>xae Bcero, npeo6na^aiomero 
no CBoen BennnHHe MaccnBHoro rpaBupyiomero Tena 3eMnn. Eipe b 1912 r. no- 
no>KHTeiiBHBiMH pe3ynBTaTaMH onTiinecKoro sxcnepHMeHTa CaHbnxa [24-28] (Ha 
Bpamaiomencfl othochtojibho noBepxHOCTH 3eMnn njiaT(])opMe Haxozmnncb xax 
HCTOHHHX, TaK H npiieMHHX CBeTa) 07m03Iia'III0 6i>IJIO nOKa3aHO, HTO CKOpOCTB 
CBeTa ocTaeTCJi nocTosmiioii toubko othochtojibho noBepxHOCTH MaccnBHoro 
rpaBHTiipyiomero Tena 3 cmjth, BHe 33BHCHMOCTH ot coctojihhji noxon huh Bpa- 
meHHn caMOH nnaTcjiopMbi, Macca KOTopoil hhhto>kho Mana no cpaBHeHHio c 
Maccoil 3eMJin. OnTimecxHe CBoiiCTBa ([miHHCCKoro BaxyyMa oxono3eivraoro 
npOCTpaHCTBa, B HaGTHOGTH nOCTOJIHCTBO CKOpOCTH CBeTa OTHOCHTentHO no¬ 
BepxHOCTH 3eMHH h Konc'inocTb ckopocth CBeTa, onpencnnioTCH xax BHyTpeH- 
hhmh ynpyrHMH an ckt poviarii ht nhi mh cBOHCTBaMH cpc/mi, Tax h cbohctbom 
B aaiiMO/iciicTimsi stoh cpc/mi c MaccHBHBiM rpaBHTHpyiomHM TenoM 3eMHH. B 
pe3yni>TaTe stoto B3aHMOZieHCTBiM cpe/ja c[)H3HHecxoro BaxyyMa peantHoro 
OKOno3eMHoro npocTpaHCTBa b6jih3h noBepxHOCTH 3eMnn npaxTiiHecxn noniio- 
ctbk) yBnexaeTcn eii, oGycnoBniiBan cjmsHnecxyio npeiiMymecTBeHHocTb jiio6oh 
cncTeMBi oTcneTa, xoTopan noxoiiTcsi oTHocnTentHo noBepxHOCTH 3eMJin [29- 
34], T.e. OTHOCHTeuBHO iicno.TBHVKnoH naSopaTopHOH chctcmbi OTC'iCTa. Han6o- 
nee mohihbim B03MymaK>irmM rpaBHTamiOHHbiM cjiaxTopoM aim 3eMnn rnmnoT- 
cn, npcvxnc Bcero, viaccBi JlyHti h Comma, B3a hm opcilc tbh c cpc/mi (|)H3miccKoro 
BaxyyMa c KOToptiMH o6ycnoBHHBaeT cymecTBOBaHne b oxono3eMHOM npo- 
CTpaHCTBe onpcncncimoro mc/uiciiiio Mcmnomcrocsi rpa/mciiTa cKopocTeil cpe- 
flH. B6 jih3h >xe 3eMHH cxopocTb CBeTa npaxTHnecxH nocTOJiHHa OTHOCHTentHO 
noBepxHOCTH 3eMHH h mc/uiciiiio hbmciisictcsi c bbicotoh. Mbmciihc aciiMMCTpim 
ckopocth CBeTa b noKosmiciicsi h Bpamaiomciicsi otiiochtcjibiio noBepxHOCTH 
MaccnBHoro rpaBHTiipyiomero Tena 3eMnn cucTeMax OTcneTa Harnno mnpoKoe 
npaKTimccKoc npiiMeHeHire b Tax Ha3BiBaeMBix onTimecxiix rnpocxonax [28] h 

t./u 

Tax xax nonomiTentHtie pe3ym>TaTBi ontiTa CaHtaxa He yxna/miBanHCb b 
paMxax CTO, to b CBoe BpeMn 6 Burn npe/mpimsiTbi nonbiTXH ooi.hciihtb sth 
pe3yni>TaTi>i y>xe b paMxax OTO. CornacHO OTO, xax noxa3biBaioT pac'iCTbi, b 
mo6on Bpamaiomciicsi CHCTeMe OTcneTa (BHe 3aBHCHMOCTH ot toto, ciisi/aiia nn 
3Ta Bpaiuaiomasicsi cucTeMa OTC'iCTa c MaccHBHBiM rpaBHTiipyioimiM TenoM unn 
HeT), xon BpeMeHH no HanpaBneHHio upaiucimsi h npoTHB OKaibiBacTcsi He o/m- 
HaXOBBIM, HTO JKBHBanCIITIlO nOnHOMy OTCTaBaHHIO CBeTa OT BpameHHJI CHCTeMBI 
OTC'iCTa. O/maxo, ecnn 6 bi cjic/ictbhsi OTO nciicTBiiTcnBiio 0Tpa>xanH peanbHyio 
npupony snuicimii b moooii Bpamaiomciicsi ciicTeMe OTC'iCTa, to npiiMeiiiiTcnbiio 
x Bpamaiomciicsi cucTeMe OTC'iCTa, cmnaimoil c 3eMneii b iicjiom, /iojt/Kiio 6bino 
6 bi iiaonio/iaTbcsi ananoriimioc OTCTaBaHne CBeTa h Ha noBepxHOCTH 3eMnn (po 
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300 m/c Ha 3KBaTope). JSflu OTBeTa Ha Bonpoc, yBneKaeTca nn cbgt cyTOHHBiM 
BpameHiieM 3eMnn huh HeT, iicooxo.THMa 6tma nocTaHOBKa SKcnepiiMeHTa npn- 
MeHHTeJIBHO KO BCGH 3CMHC B LjeHOM. BnepBBIC T3K0H SKCnCpHMCIlT 6 bdi nocTaB- 
neH MaHKentcoHOM h FeneM [29] h nononcHTenBHBie pe3yntaTti stoto 3Kcnepii- 
MeHTa onnoinaHiio noKa3anH, hto HHKaKoro cyroHHoro OTCTaBaHiM CBeTa ot ot 
B pameHHJi 3eMHH Ha noBepxHOCTH 3eMnn He iiaomo/iacTCJi. O/uiaKO aHanH3 pe- 
3yni>TaTOB stoto TKcnepuMcirra noKa3aji [2], hto HiiTepnpcTaiiHH ero OKa3BiBaeT- 
cji nco.Tiioiiia'inoH H3-3a HanHHHJi mnpoTHoro rpa/inciiTa H3MeHeHHJi CKopocra 
CBeTa. Eonee noiniiHMii onBiTavm [30-34] c tohhoctbio ,to MeTpoB b ccKyimy (h 
caHTHMeTpoB b ceKymiy) 6 bl>io ycTaHOBJieHo nonHoe oTcyTCTBiie scjxjjeKTa ot- 
CTaBaHiM CBeTa ot cyTOHHoro BpameHHJi 3 cmjih. 

Kax noKa3BiBaioT Hccnc/iOBaimsi [2-10], aHanoniHHaji >Ke, b npnOnHnceHHH 
VIC, acHMMeTpuji o6n apy>K hb ac tch npn paccMOTpeHiin sneKTpiiHecKHX h Mar- 
HHTHBIX JIBneHHH B nOKOHiriCHCH H BpailiaiOIUCHCJI OTHOCHTenBHO nOBepXHOCTH 
3eMHH cucTeMax OTCicTa. TeoperaHecKH 3 to nenco BBurenaeTCJi b Tax iiasbiBac- 
mom napa/iOKCc iapsr/Kcimoro c(|)cpHHCCKoro Koii.TcncaTopa [4], b kotopom Bee 
sjieKTpuHecKoe none cocpeflOToneHo BHyTpn ciJiepuHecKoro KomieHcaTopa. Ecnn 
b npocTpaHCTBe BHe ciJiepBi KOH/jeHcaTopa, r^e sneRTpunecKoe none E TonmecT- 
BeHHO paBHO Hynio, nanaTB nBiiraTB npn6op, perHCTpiipyiomHH, HanpHMep, 
MarHHTHoe none H, to HHKaKoro MarHHTHoro nona b CHCTeMe npnoopa penicT- 
pupoBaTtca He 6y/iCT. B to nee BpeMH, eenn perHCTpnpyiomHH npn6op oct3bhtb 
b noKoe, a BpaniaTB 3apanceHHi>iH c(|)cpHHCCKHii Koir/icircaTop. to npn6op oyncT 
pemcTpupoBaTB concnoH.TanBiioc MarHHTHoe none ot KoiiBCKHHoniiBix tokob 
B paiuaioinuxoi iapavK'ciniBix cc|)cp Koii/icucaTopa. 

OcHOBBiBaact Ha pe3ynBTaTax o6napy> khb ac m o it TeoperaHecKH acnMMeT- 
pHH 3nCKTpH l ICCKHX H M3THHTHBIX JIBneHHH OT nOKOJUlIHXCH H BpailiaiOIHHXCJI 
OTHOCHTenBHO noBepxHOCTH 3eMnn tokobbix chctcm [4-6, 8-10], aBTopoM b 
CB oe BpcMH 6Bino npenno'/Keno ycTpoilcTBo, aBnaiomeeca 3n e k t p o n h n a m h h e - 
ckhm aHanoroM onTHHecKoro rnpocKona, Ha Korapoe nonyneHO aBTopcKoe cbh- 
ZieTenBCTBO [39]. OraHnne 33 kohob 3neKTpoMarHeTH3Ma b noKoamenca h hbh- 
ncymeHca OTHOCHTenBHO noBepxHOCTH 3eMnn cucTeMax OTcneTa Obmo ooiiapy- 
nceHO aBTopoM h npn uccne^OBaHHH scjxjjeicTa Xonna b noKOjnimxcji h xmnney- 
mnxca OTHOCHTenBHO noBepxHOCTH 3eMnn npoBo.miHKax [8]. 06napy>Kcimoc 
jiBnemie 6Bino ncnonB30BaHO aBTopoM b ycTponcTBe zjna onpeaenefflin CKopo- 
cth, noxiBHncHOCTH h 3HaKa HOCHTenen TOKa b npoBOflHHKe [40]. AHanoniHHBie 
pe3ynBTaTBi 3aBHCHMOCTH 3i])(])eKTa Xonna ot flBHnceHna npoBomniKOB othoch- 
TenBHO noBepxHOCHTH 3eMnn (to ecTB iicnonHHneiiHC 3n e kt p o m a r i in t 11o ro jib- 
nefflin npmiiiHny oTHOCHTenBHOCTH b sil ii hitch no bckom noffliMaHnn), nonyneHBi 
b pa6oTe A. H. IlIenBix [41]. 

CBOHCTBa <])H3HHecKoro BaxyyMa B6nH3H noBepxHOCTH MaccnBHoro rpaBH- 
rapyiomero Tena 3eMnn h b OKono3eMHOM npocTpaHCTBe OKa3anncB TaKOBBi [2, 
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3], hto b npocTpaHCTBe okoho noKoameroca OTnocHTeubno noBepxHOCTH 3eMHH 
3apnna i-mnynupycTOi tohbko sneKTpHHecKoe none, BHe 3aBHCHMOCTH ot co- 
ctojihhji noKoa huh ziBH>KeHiM perncTpupyiomero npn6opa (huh Ha6nio,naTenH b 

KOHIienUHH OHHHITeHHOBCKOH OTHOCHTeJIBHOCTH), MaCCa KOTOpOTO HHHT05KH0 
Mana no cpaBHeHHio c Maccon 3eMHH h nooToviy cocTOJffliie noKoa h hbh/Kciihh 
npn6opa (huh HaSnioziaTenfl) okoho 3apjma He onpexienaeT CBOHCTBa c|)H3HHe- 
CKoro BaKyyMa. FIpn hbh'/Kciihh >Ke sneKTpHHecKoro zapa/ia oTHOCHTentHO no- 
BepxHOCTH MacciiBHoro rpaBHTHpyiomero Tena 3 cmhh h OTHOCHTentHO cpc/ibi 
(J)H3HHecKoro BaKyyMa b npocipaHCTBe okoho sap ana i-mnynupycTCfl TaK>Ke h 
M arHHTHoe none, BHe 3aBiicHMocTH, oram. >Ke, ot coctojihhji noKoa hhh hbhvkc- 
hhji perncTpupyiomero npn6opa (hhh Ha6nio,naTenH). B paMKax hobbix npezi- 
CTaBHeHHH pcanbiiocTH cymecTBOBaHHJi cpc/ibi (|)H3HHCCKoro BaKyyMa iiaxonHT 
ecTecTBeHHyio (jH-ni-iHccKyio HiiTcpnpeTanHio MHorne H3BecTHBie KnaccH'iccKHc 
3HeKTpoMarHHTHBie 3KcnepHMeHTBi Tuna TpoyTOHa h Hoohh, AiixciiBanb/ia, 
Flcnnopa. BuHtcoHa h zip. [2]. AnanornHiiaH aciiMMeTpini cbohctb <f)H3HHecKoro 
BaKyyMa peaHbHoro npoeipaHCTBa b6hh3h noBepxHOCTH MacciiBHoro rpaBHTH- 
pyiomero Tena 3eMHH o6Hapy>KHBaeTCH h zina hk)6bix apyrax (J)H3HnecKHx hbhc- 

HHH, B TOM 'IHCHC H JSflSl KB3HT0BBIX. C yHCTOM aCHMMCTpH'IIIbIX (|)H3H'ICCKHX 
CBOHCTB cpezibl (J)H3HHeCKOrO BaKyyMa H3MCHHCTCJI (J)H3HHeCKaH HHTepnpeTaiiHH 
H MHOTHX H3BeCTHBIX OnTHHCCKHX HBHCIIHH. ITOHpOOIlOMy paCCMOTpeHHIO KOTO- 
ptix 6yziyT nocBHUieHBi MaTepnanti roTOBameroca k ny6HHKaiiHH BToporo nmcna 
pa6oT no TeMe «OnTHHecKaa h one KTp o n hi r a m hh cc k a % acHMMeTpua okoho3cm- 
hoto npocTpaHCTBa rpaBHTaiiHOHHoro nona h <J)H3HHecKoro BaKyyMa». Huace 
6yner npezinpHHHTa nonbiTKa jiarh HOByio HenpoTHBopenuByio (J)H3HHecKyio 
HHTepnpeTaijHio, npcvK/ic Bcero, H3BecTHbiM sncKTpoviami-mibi m h onTunecKHM 
HBHeHHHM. 


3. HenpmvieHHMOCTb iipimiiiiua oTHOCHTeJibHocra k peajibHOMy 

npocTpaHCTBy 

BnepBbie noiiaTue OTiiocHTcnbiiocTH Obino bbchciio KonepHHKOM, Koryia, 
ocHOBBiBaacB Ha pe3yHBTaTax iiaomo/icimH 3a zibh/Kciihcm He6ecHbix cbcthh, oh 
npeziHoacHH oTKaiaTbcsi ot oihh6ohhoh KOHiieniiini ITroneMeH, hto Bee He6ec- 
Hbie CBeTHHa h 3Be3Zibi BpamaioTca BOKpyr 3eMHH no cho5khbim KpHBbiM, npezi- 
CTaBHHIOniHX Co6oil CHCTeMy pa3HHHHBIX «3nHUHKHOB». OnHCaHHe ZlBHHCeHHH 
He6ecHbix cbcthh cymecTBeHHo ynpomaeTca, ecnn zionycTHTb, hto Bee nHaHera 
ZlBiiacyTca He BOKpyr 3eMHH, cornacHO n tohcm cc b c ko ii KapTHHe MHpa, a othoch- 
TeHBHO CoHHiia. /(aHbHeHmee yrny6neHHe noHaraa othochtchbhocth 6biho 
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ocymecTBneHo Hbiotoiiom h FannneeM Ha ocHOBe royneHiia 3aKOHOB MexaHHKH. 
H3ynaa najjeHHJi Ten, rajiHJieii npiimen k BtiBo^y, hto ycKopemie Ten npn stom 
ocTacTCH nocTOJiHHBiM, xoth cKopocTt Ten HiMcnacTCH. Eonee nonHoe onpenc- 
neHHe nomiTHn ycKopemin 6tino zjaHO Hbiotohom, KOTopbiil c<J)opMynHpoBan 

OCHOBHOH 3aKOH HBH'/KCIIHSI 

F = mw. (3.1) 

B OKOHnaTentHOM BHXie noHjmie npiiHunna OTHOCHTentHOCTH 6bino c<J)opMynH- 
poBaHO b rswBO/iax FanHnen: 

1. Bee 3aKOHBi MexaHHKH HbioTona cnpaBC/uiHBbi TontKO b miepHnanbiibix 
CHCTeMax oTcicTa, nriH'/Kymuxca oTiiocHTcnbiro npyr npyra paBHOMepHo h npn- 
MonHHeHHO. Bo Bcex 1-mepnnanbnbix CHCTeMax OTC'iCTa BbinonHjnoTcn o.thh h Te 
)Ke 3aKOHBI. 

2. HHKaKHMH OnblTaVfH BHyTpiI 33KpBITOH KaOHIlbl B HIlCpHHanbHOH CHCTe- 
Me OTC'iCTa HeB03M0)KH0 onpcncnHTb, noKOUTcn nn /raimaa cucTeMa OTC'iCTa 
OTHOCHTentHO 3BC3,Tbi HnH hbhvkctcsi OTiiocHTcnbiio Hee npnMonHHeHHO H paB- 
HOMepHO. 

TaKHM o6pa30M, H3 Bcero MiiorooopaiHH paini-i'nibix (|)H3 H'icckhx cucTeM 
OTcneTa rannneeM 6bina BtmeneHa oco6an rpynna HHepuHantHbix chctcm ot- 
e'lCTa, b KOTopofi BbinonmiioTCH KaK saKoiibi MexaHHKH, TaK h (no anpuopHOMy 
nonyirienmo!) Bee npyn-ic saKoiibi <|)H3 hkh. IlpH ncpcxo/ic H3 on noil miepnHanb- 
hoh chctcmbi k npyroii nonvKiibi ObiTb npuMciiHMbi npeo6pa30BaHna V an much, 
KOTOpbie HMeiOT bhh 

x' = x-vt, y' = y-vt, z = z; 

u' = u — v, (3.2) 

t' = t. 

KaK no Teopim HbioTOHa, TaK h no Teopnn TanHnen npocTpaHCTBO Mbicnn- 
nocb KaK aocomoTiio nycrae h npn paBHOMepHOM npnMonHHeHHOM ,tbhvkciihh 
moObix MaTcpnanbiibix Ten b 3tom npocTpaHCTBe OTcyTCTByioT KaKHe-m-ioo (|)h- 
3HnecKHe B3a h Moneilc tb hh Ten c caMHM npocTpaHCTBOM. KpoMe toto, ohh nona- 
rann, hto HeT KaKOH-nn6o (J)H3HHecKOH Biai-iMocBJiiH vicncny BpeMeHeM h npo- 
CTpaHCTBOM. flpyrHMH cnoBaMH, BbinriHranHCb runoTCibi aoconiOTiioro h He3a- 
bhchmoto hh ot Hero npocTpaHCTBa h a6conioTHoro h He 33BHCHMoro hh ot He¬ 
ro BpeMeHH. B KnaccHHecKOM npn6nH)KeHHH npn vianbix cKopocrax hbhvkciihsi 
npnHunn OTHOCHTentHOCTH ranunen nna 3aKOHOB MexaHHKH /iciicTBHTcnbiio, 
riponc obi, xopomo BbinomnicTai. OmiaKo npn paccMOTpeHHH iicmicpiiHanbiibix 
X(BH)KeHHH, a TaK)Ke .TBH/KcnHH b npocTpaHCTBe, PTC hmciotch rpaBHTani-ioiiiibic 
nonn, npiiHiiiin OTHOCHTentHOCTH TanHnen 6bin npaKTHHecKH HenpiiMemiM. 
Eonbim-ie TpynnocTH cTann bo3hhk3tb h npn nonbiTKax npuMeHHTB npnHujm 
OTHOCHTentHOCTH K SneKTpOMaTHHTHBIM HBnCIlHHM H 3nCKTpOM3TIIHTIIblM nO- 
nnM. 
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flajiBHeiimuMy pa3BHTHK> h yrnyEneffliio npeziCTaBnemiH noHJiTHJi othoch- 
TentHocTH cnoco6cTBOBano oTKptiToe b 1725 r. ,H. Bpe/inn mmcm-ic aocppaimn 
CBeTa 3BC3/I. 3t0 HBnCHHC laKniOHaCTCH B TOM, HTO npn Op6nTajIBHOM .TBHVKCIIHH 
3eMHH okojio ConHua co CKopocTBio 30 km/c nyn CBeTa ot zianeKOH h npezinona- 
raeMoil ncno.mm'/Knon 3bc3/ibi H3MeHJieT cBoe HanpaBnemie, CMcmancB b Ha- 
npaBJieffliH ziBiDKemui Ha hoctojihhbih yron a6eppaunn cp = VIC, r^e V — op6n- 
TantHaa CKopocTt 3eMHH othochtchbho ConHiia, C - ckopoctb CBeTa. Echh 6bi 
3eMnn flBHranacB tojtbko b onny CTopoHy paBHOMepHo h npaMonnHeiiHo, to hb- 
neHHe aocppaimn CBeTa 3 bc3,t 6bijio 6bi He naomo/iacMo. B /i c ii c t b n tc n b 11 o c t n 
*e npn opOnTajiBHOM hbhvkciihh 3eMnn okoho Comma, ncpca nonro/ia oHa Me- 
HJieT nanpaBJicimc CBoero .ibh/Kciihh Ha oopamoc h nyn CBeTa ot 3bc3,tbi CMe- 
macTcn y>Ke Ha yron aocppaimn b npoTHBonononcHOM nanpaBncnnn. B pe3ynB- 
TaTe npn naomo/icim h b tchchhc ro.ua nono'/Kcime 3bc3/ibi Ha iicoocbohc (npn 
nepneHflHKyJiapHOM HanpaBJieHHH nyna CBeTa ot 3bc3/ibi k nanpaBncimio hbh- 
nceHiui 3eMHH) MeHJieTCJi Ha yron 2(p, hto BnonHe ziocTynHO y*e aim tohhbix 
acTpoHOMHnecKHX naonio/icimn. Y cm b n tch b n b i \t npn stom OKa3anoci> to, hto b 
HBneHHH aocppaimn CBeTa ot 3bc3,t He perncTpupyeTcn noncMy-To coocTBcnnan 
CKOpOCTB 3BC3H OTHOCHTeHBHO Con 111(3, HTO XOpOIHO COmaCyCTCH C KOIlUCmmCH 
npHHHHna othoghtchbhocth r annncH npn nonyincmm. hto Bee 3bc3/ibi Ha He- 
oocbohc nnoo nenonBH/KiiBi, nnoo hbh'/Kvtcsi paBHOMepHo h npnMonHHeHHo. 
J\jul Oontnioro KonHHecTBa y/janeHHtix h ozihhohhbix 3Be3.il, coBepniaiomnx 
X(BH)KeHHJi no npoTJDKeHHtiM op6nTaM hhh BMecTe c ranaKTHKaMH, sto .nonyme- 
HHe movkiio 6tino obi cnoTaTB npneMneMtiM, ho b acTpoHOMnn H3BecTHo 6 ohb- 
moe KOnHHeCTBO 3BC3H C OBICTpOMCIimoiIIH MH CKOpOCTHMH HHH HBOHHBIX 3BC3H, 
Bpamaioiimxcsi npyr okoho npyra, cKopocTH hbh/Kciihh KOToptix jibho He nBnn- 
iotcji paBHOMepHBiMH h npnMonHHeHHBiMH. OmiaKo aocppaimn CBeTa ot onnon 
h npyroii 3bc3Hbi na>KC H3 ccpim cneKTpanBHO hbohhbix 3bc3,t ocTacTcn noncviy- 
to Taicnce He iaBHcsmicii ot co6cTBeHHBix cKopocTen iBCin. hto iiaxom-iTcn y>Ke b 
jibhom npoTHBopeHHH c npHinumoM otiiochtchbiiocth V annncn. MBneimc a6ep- 
paijHH CBeTa 3BC3n CTano cepi>e3Hi>iM npo6HBiM KaMHeM nnn KopnycKynnpnon h 
bohhoh TeopHH CBeTa, TaK KaK hh omia, hh npyran Tcopi-m He mothh naTB oob- 
ncHeHiM anncm-no aocppaimn CBeTa hbohhbix 3bc3,t. >lBncime aocppaimn CBeTa 
hbohhbix 3BC3H He naxonnT ce6e nonHoro oobhciiciihh h b paMKax npnimnna 
OTHocuTenBHocTH cnci mammon Tcopirn oTHocHTenBHocTH h oomcii TeopHH ot- 
HOCHTenBHOCTH. 

Echh KopnycKynnpnan Tcopnn CBeTa 6a3HpoBanacB Ha nonymcnnn a6co- 
nioTHO nycToro npocTpaHCTBa, to Bonnonan Tcopnn CBeTa ncxonnna H3 nonymc- 
hhh, hto Bee OKpy^aiomee Hac npocTpaHCTBO 3anonHeHO mhpobbim 3(]mpo\i - 
HeKon o'iciib tohkoh MaTepnanBHOH cpcnon. Ctopohhhkh a6conioTHo noKosnnc- 
rocn MHpoBoro 3(|)Hpa JlopeHH, OpeHenB h zip. npezinonarann scjiup noKonniHMcn 
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OTHOCHTentHO jjaneKHX jBC'i/i. O.aiiaKO 6 bijih h ctopohhhkh noJiHOCTBio yBjie- 
KaeMoro 3(|)Hpa - Tepu, Ctokc, IIjiaHK h Tip., KOToptie npennonarajiH, hto 3<f>np 
yriacKacTCH .tbhvkviuhmhch TenaMH h b6jih3h 3cMan hmcctch onpencncimBiii 
rpa/iHeHT nnoTHOCTH yBJieKaeMoro scjinpa. OxmaKO hh TeopiM noKOJimerocJi 
scjuipa, hh TeopiM noJiHOCTBio yBJieKaeMoro scjjupa He nasaim o6t)icHeHHH KaK 
5IBJieHHK) aOCppailHH CBeTa OT ,T BOH II BIX BBCi/I, TaK H IICKOTOpBIM HpyrHM OnTH- 
necKHM h 3.3cKTpoH h iia mh' icc khm sKcncpHNiciiTavi. npc/UTO>Kcimafl Phtiicm 6an- 
HHCTHHeCKaa rHnOTe3a 3aBHCHMOCTH CKOpOCTH CBeTa OT CKOpOCTH HCTOHHHKa 
CBeTa TaioKe OKa3ajiacB iiccoctoutcjibiioh. CaMa Koimcniuiyi McxaiiHHCCKoro 
a6conioTHO noKomucrocn 3(|)npa iiaxo/inmicB b mbhom npoTHBopc'iHH c OTcyTCT- 
BHeM o>KH/iaeMoro npn stom 3c|K|)eKTa TopMOJKeHiui nnaHeT npn hx tjbh/kchhh b 
3c|)Hpe. H oco6eHHo ccpBciiioii KpiiTHKe Koniicnnua a6conioTHo noKomncrocn 
3(|)Hpa 6tuia noaBeprayTa nocne nocTaHOBKH cepHH OTpHuaTentHtix onTiine- 
ckhx 3KcnepHMeHTOB no onpeaeneHHio npennonaraeMoro scjinpHoro BeTpa npn 

Op6HTanBHOM 7IBH/KCIIH H 3CMJIH B IICnOTIBH'/KIIOM 3(|)HpC. 

C yneTOM cymecTBOBaHHJi cpenti c|}H3HHecKoro BaxyyMa npimuiocB 3aHOBO 
nepecMOTpeTt o6menpHHJiTBie KOHiiemiiiH npuMeHHMocTH k onTunecKHM h 
3HeKTpOflHHaMHHeCKHM flBJICHHHM npHIlUHna OTHOCHTeJIBHOCTH B yCJIOBHJIX Ha 
noBepxHOCTH MaccHBHoro rpaBHTHpyiomero Tena 3eMnn [2, 3, 5]. PciynbTaTaMii 
SKcnepuMeHTajiBHBix Ha6mo,neHHH 6 bijio ycTaHOBneHo, hto npn onpeneneHim 
CKopoeTH CBeTa b jiaSopaTopHon cucTeMe oTcneTa, b ycnoBiinx Ha noBepxHOCTH 
MaccHBHoro rpaBHTHpyiomero Tena 3eMHH, ckopoctb CBeTa ocTacTCH nocTomi- 
hoh bo Bcex HanpaBJieHHJix toubko OTHOCHTentHO noBepxHOCTH 3 cmjth. IIpiiHeM 
CKOpOCTB CBeTa OCTaCTOT nOCTOJIHHOH OTHOCHTentHO 3eMHH BHe 3aBHCHMOCTH OT 
CKOpOCTH .1BIJ/KCIIII31 ee OTHOCHTeJIBHO CoHHIUl HJIH OTHOCHTeJIBHO BBCi/I B MH- 
pOBOM npOCTpaHCTBe, a TaK>Ke BHe 3aBHCHMOCTH OT 71 BH/KCIIII >1 HiMCpiITCnBIIOrO 
npn6opa huh caMoro i raon ionaTena-cy6 b c KTa. B n c ii c t b men b 1 1 o c t h >Ke, b cny- 
nae HaSmoneHioi Jiyna CBeTa ot zibohhbix 3Be3n, a6eppaimoHHBiii scjxjieKT HMeeT 
MecTO KaK ot opOHTajiBiioii CKopoeTH 3 ovum okoho Comma, TaK h ot co6cTBeH- 
hoh OBicTpoMciiHioiiiciicn ckopocth incanim OnnaKo o6nacTB aocppamioiiiioro 
CMCiiiciiiin nyna CBeTa ot m bo it i t o it ibcs/ibi b OKonoiBCimioM npocTpaHCTBe npn 
HaSmo^eHHH ee c 3c\imi, H3-3a orpoviiiBix paccTosnmii no mein, npaKTii'iccKH 
C0H3MepHMa c pa3MepaMH mean ii b naomonacMOM 3 (|k|)cktc CKaaBinacTCfl toub- 
ko b BH^e hhhto>kho ManoH nonpaBKH [2]. 

H 3 peantHo cymccTByioiHcii onTHHecKoii acHMMeTpuH pcammoro okojio- 
3eMHoro npocTpaHCTBa, nenocpcncTBcimo cncnycT iicooxotihmoctb cyinccTBo- 
BaHHJi ii hB nc11nil ancKTponuna mh' icc ko ii aciiMMCTpiin. B 'iacTiiocTii. 6 bijio no- 
Ka3aHO [2], hto mincunc naaiiMonciicTBiisi npoBonmiKa c tokom ii MarHHTa npn 
HX OTHOCHTeJIBHBIX HBHVKCIIHSIX ,np>T OTHOCHTeJIBHO np>Ta B n C ii CT B H T C-B B110 C T H 
(J)H3HHeCKH He 3KBHB3JieHTHBI. JSflfl nOCTaTOHHO miHHHoro H npoTJDKeHHoro Mar¬ 
HHTa, HanpiiMep, npn coctoshihh ero noKon othochtcjibho noBepxHOCTH Mac- 
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CHBHoro rpaBHTiipyiomero Tena 3 cmhh h 3BH>KeHHH okojio Hero npoBOZjHHKa 

npHBOZIHT, KaK H3BeCTHO, K nOJIBneHHIO HBHeHHJI HIl.iyKHHH TOKa B npOBOHIIHR'C. 

Vfc>K,ay TeM KaK npn coctoshihh noKon npoBonnuKa otiiochtcjibho noBepxHocTH 
MacciiBHoro Tena 3eMnn h .tbh'/Kviucmch npoTHVKCimoM nocTOsnmovi MarHHTe, b 
pe3yni>TaTe c[)H3HHecKOH acHMMeipiin chctcm oTHocHTenBHo 3eMHH, scjxjieKT 
HHflyKUHH TOKa y>Ke He pontfceH naGmonacTCH. Ha ochob3hhh stoto 6bijio Teo- 
pcTH'iccKH po Ka3ai io [8], hto scjxjieKT Xonna b ycnoBHJix Ha noBepxHocTH 3eMHH 
He noziHHHJieTCJi npHimnny OTHOCHTenBHOCTH. YniiTBiBaji acHMMeTpuio sjtck- 
TpOMarHHTHBIX CBOHCTB npOCTpaHCTBa b6hH3H nOBepXHOCTH 3eMHH B HOKOH- 
IHCHCfl H B .TBHVKyinCHCH CHCTeMaX OTCHCTa, 6l>IJIH npCH-BO'/R'CIIBI KOHKpeTHBie 

npaKTHHecKne ycTpoiicTBa [39, 40], c noMomtio KOToptix mo>kho 3Hc[x[)epeHHH- 
poBaTB coctojihhji c[)H3HHecKoro noKon h nocTynaTenBHoro (huh BpamaTenBHO- 
ro) 3BH/KCIIH5I OTHOCHTenBHO nOBepXHOCTH 3eMJIH. C n03HHHH npHMeHHMOCTH 
npnHunna OTHOCHTentHOCTH, aHanH3Hpyi0Tca penuTiiBHCTCKHe scjxjieKTBi npn 
B3aHM03eHCTBHH npyr c npyrovi nnyx pociaTOHHO 3HHHHBIX napannenBHBix 
npoBOZlHHKOB c tokom (penimiBHCTCKHe 3cj)cj)eKTi>i pacKOMneHcauHH nOJIO>KH- 
TCJTBIIBIX H OTpHIIHTCJIbllblX 3apH30B npOBOflHHKa npH HajIHHHH TOKa B HIIX H 
yBeJiHHeHiie nnoTHoera aneKTpoHOB- npoB o 3 hmocth y cMencHBix noBepxHOCTJix 
npoB03HHKOB 3a cneT 3c|Kj)eKTa Xonna), h noKa3aHO [6], hto sth HBneHiM He 
n03HHHJieTCJI npHHHHny OTHOCHTenBHOCTH, Hh6o npHB03HT K 30nymeHHK> 
aCHMMeTpiIH MaTHHTHBIX CBOHCTB nOJTO'/KHTCJTBnOrO H OTpHIiaTCBBIIOrO iapapa. 
OrpaHHHeHHOCTB npiHIUHna OTHOCHTenBHOCTH npHMeHHTeJIBHO K nOKOSHnCHCH H 
.TBHVKyincHcsi oTHocHTentHo noBepxHocTH 3eMHH cucTeMaM OTC'ICTa o6Hapy>KH- 
BaeTca h bo MHornx apyrax c[)H3hhcckhx cmyaqiiax KaK b onTH'iccKHX. TaK h b 
SJ ieKTpoflHHaMHHecKHX aKcnepuMemax [2-10]. 

B nacTHOCTH, HyneBBie pe3ynBTaTBi onTH'iccKHX SKcnepHMcnTOB Tuna omi- 
Ta MaHKenBCOHa (1881 r.) [42, 43] nonHOCTBio OTpimann KOHuenunio aSconioT- 
ho noKonmerocfl scjjnpa. OzjHaKO yBneneHHOCTB c[)H3hkob npomnoro BeKa koh- 
HenuHeH aSconioTHO noKonmerocfl 3(|)Hpa SBiJia ctohb BenHKa, hto Mano bhhmb- 
hhji 6bijio yueneHO TOMy cjiaKTy, hto HyneBBie pe3ynBTaTBi ohbitob MaiiKenBCOHa 
h ero aHanoroB xoporno n 03 t b ep vk.t an h Koimeniimo nonnocTbio ynncKacMoro 
3eMneii acjiupa, xotji h y stoh KOHiiemiiiH 6bijih cboh enaSBie ctpohbi (pacneTBi 
nnaHKa noKa3ann He npiieMneMBie paenpefleneHiui nnoTHOCTH acjnipa y noBepx- 
HOCTH 3c\fJIH). HHTepeCHO OTMeTHTB, HTO HMeHHO KOHnCnUHH n03H0CTBK) yBne- 
KaeMoro b6jih3h noBepxHocTH rpaBHTupyiomHX Ten acjrapa, npn 3anBHeHineM ee 
pa3BHTHH, noiBonacT pa3peniHTB KaK npo6neMy aocppami h cBeTa ot abohhbix 
3BC33 [2, 3], TaK h Bee H3BecTHBie napanoKcanbiibic pe3ynBTaTBi onTunecKiix 
SKcnepuMeHTOB. CncpycT otmcthtb, hto npn nonymeiimi cymecTBOBamia 
3([)HpHOH epC3BI eymeCTBeHHO MeHJIIOTCJI nOHJITHJI Hncpiuianbllbix CHCTeM OT- 
cneTa h BBinonHHMOCTB b hhx npiiHunna OTHOCHTenBHOCTH TanHnen. 
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TaKHM o6pa30M, Bee pe3yntTaTi>i onTH'iccKnx sxcnepiiMeHTOB, nporscncn- 
hbix b ycnoBHJix noxoameiiCH othochtgjibho noBepxHOCTii MacciiBHoro rpaBH- 
Tupyiomero Tena 3eMnn cucTeMbi oTcneTa, Snecrame coraaeyioTCJi c xoHiienrm- 
cii npenMymecTBeHHOH chctcmbi OTcncTa jsjisi cBeTa, CBrnannoii c noBcpxnocTBio 
3eMHH. C ppyroii cToponbi, nepBtie >Ke sxcnepHMeHTM b nBii/xymcncH othoch- 
tcjibho noBepxHOCTii MacciiBHoro rpaBHTupyiomero Tena 3cmjih cucTeMe otcic- 
Ta (ontiTti CaHtHKa 1912 r. h ero ananorii [19-23]) cpa3y >kc oOHapyminn, hto 
CKopocTt CBeTa Kax ot noKosnncrocn. Tax h ot nBroxymerocii OTHOCHTentHO no- 
BepXHOCTH 3eMHH HCTOHHHXa CBeTa OCTaCTCH nOCTOJIHHOH TOJIBKO OTHOCHTentHO 
noBepxHOCTii rpaBHTupyiomero Tena 3c\tnH. B mo6oil ncc pBiivKymciicsi (Bpa- 
maiomeiicfl) oTHocHTentHo noBepxHOCTii 3cMnn cucTeMe OTcncTa cxopocTb cBe- 
Ta y>KC He nBJiaeTcn BeniiHiinoii nocTOJiHHOH h onpenenneTcn xnaccHHecxiiM co- 
OTHomeHHeM C' = C + V. AHanH3iipyn nonomiTentHtie pe3ynr>TaTBi onTiinecxo- 
ro ontiTa CaHtaxa, b CBoe BpcMH C.H. BaBHnoB raican: « Ecnir 6r>i a anemic 
CaHtaxa oarno OTxpbiTO paiiame, neM BbiHcimnucb HyneBbie pe3ynr>TaTi>i om.iTOB 
BToporo nopanxa, oho, xohchiio, paccMaTpiiBanocB 6ti xax ojicctsiiucc sxcnepn- 
MCiiTanBiioe noKasaTcnacTBO namiHiiH 3([)iipa. Ho Bonpoc o tom, yBnexaeTcn mi 
3(])Hp 3eMneil b iicnoM nnn HeT, on bit CaHbiixa He pa3peiuaeT. ...3KenaTeneH 6r>m 
eme ozihh onr.iT nepBoro nopimica c 3eMneii b penoM b xanecTBe Bpaipaioiperocfl 
Tena.» [44]. /]na peiueHiui ocTaBiuerocn Bonpoca, yBnexaeTcn nn CBeT eipe cy- 
tohhbim BpamcimcM 3eMnH h nn HeT, b 1925 r. ManxcnbconoM h TeneM 6r>m 
nocTaBneH onTH'iecKiiii 3Kcnepn\ienT npiiMeiiHTcnBiio k Bpamaiomencfl 3eMne b 
nenoM [29]. nono>XHTeni>Hi>ie peiynbTaTbi oni.iTa VlaiiKcnBcona-rcnn onno- 
3HanH0 poKaiBiBami. hto h cyTOHHoe Bpaincime 3eMnn CKaiBiBacTcn Ha cxopo- 
cth CBeTa no HanpaBneHHio BpameniiH 3eMnn h npoTHB. OnnaKO H3-3a 6onr>nnix 
pa3MepoB KOHTypa ncnonr>3yeMoro b om.iTC iinTcp(|)epoMCTpa b paencTC Heo6- 
xophmo yHHTBiBaTB y>xe rpapiiciiT nnHeiiHOH cxopocTH Bpaincmia noBepxHOCTii 
3eMnn Ha paiin.ix imipoTax [2], xoTopbiil HMeeT on no h tovxc inancnne xax npn 
nonymcniiH nonHoro yancncnHn cxopocTH CBeTa OTnociiTcnBiio noBepxHOCTii 
3eMnn, Tax h npn OTCTanannsi ero ot cyTOHHoro Bpameniin. FIosTONiy Heo6xo- 
pnMa oaina nocTaHOBxa 6onee tohhoto SKcnepiiMCiiTa no npnMOMy H3MepeHHio 
cxopocTH CBeTa no HanpaBneHHio cyTOHHoro Bpaincmin 3eMnn h npoTHB, ho y>xe 
Ha ophoh imipoTe. Taxne TOHHtie SKcncpiiMcnTBi ynanoca nocTaBUTb Tonaxo 
HaniiHan c 1956 r. Ha ocHOBe ncnoni/iOBaniia na3epHoii TexHiixn, KBanTOBi.ix 
reHeparapoB h acjxjiexTa Vtcccoayspa. B om.iTax Knn,ina, TayHca [30-34] c toh- 
hoctbk) no 1 m/c obino ycTaHOBneHO, hto cxopocTb CBeTa nocTosnma Tontxo 
OTHoeiiTentHO noBepxHOCTii MacciiBHoro rpaBHTupyiomero Tena 3eMnn. B om>i- 
Te L [c\innii h MyHa c iicnonr>30BaHiieM scjxjiexTa Vlcccoayspa tohhoctl. axcne- 
piiMeHTa oaina noncncna no eniiHim cm/c, h pe3ynr.TaTi>i stoto oni.iTa Tax>xe 06 - 
Hapy>XHnH nocTosmcTBO cxopocTH CBeTa Tonaxo OTnociiTcnbno noBepxHOCTii 
3eMnn. 3xcnepiiMeHTanr>Hoe noxa3aTenr>CTBO nocTosmcTBa cxopocTH CBeTa ot- 
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HocHTentHo noBepxHocTii 3eMHH onnoiiiaHiio pemaeT Bonpoc 06 HHTepnpeTa- 
UHH nonovKHTcnbiibix pe3ynBTaTOB onTH'iccKHX ontiTOB CaHBHKa h ero aHano- 
tob, a TaK>Ke nononcHTenBHBix pe3ynBTaTOB ontiTOB Tuna ontiTa MaiiKenBCOHa- 
Tena. 

CTOpOHHHKH CTO H peJMTHBHCTCKHX npC/lCTaBJICIlHH B (|)H3HKC OTBepraHH 
pe3yni>TaTBi onTH'iccKoro ontiTa CaiibHKa, ccBinaacB Ha to, hto b ontiTe ircnonB- 
iOBanacb iicmicpiinaabnaH Bpamaiomaacsi cucTOMa OTCHCTa, KOTopaa MoaceT 
paccMaTpuBaTBCfl yace toubko \t cto/i a nth OTO. CornacHO MCTonavi OTO, b CTa- 
UHOHapHOM rpaBHTaiiHonnoM none huh b 3kbhB anc iit no \t none mo6oii Bpa- 
maiomeHCJi cucTeMBi OTC'iCTa (T.e. b cJihkthbhom nunaMUHecKOM none) KOMno- 

HeHTBI MCTpH'ICCKOrO TeH30pa go a OTnHHHBI OT Hynn H npn CHHXpOHH3aiIHH na- 
cob B/ionb 3aMKHyToro KOHTypa nony'iHM pa3HOCTb iiiancimii MnpoBoro BpeMe- 
hh no B03BpameHHH b ncxonnyio TOHKy. Tax KaK co6cTBeHHoe Bpcvia b pa3Hbix 
TonKax npocTpaHCTBa 3aBncnT ot BpeMeHHon KoopnnnaTbi, to npn onpcncncnnH 
CKOpOCTH CBeTa, 3TO SKBHBaneHTHO nOnHOMy OTCTaBaHHIO CKOpOCTH CBeTa OT 
BpameHHJi cucTCMbi. OTKyna cnc/iycT, hto CKopocTb CBeTa bo Bpamaiomciioi 
cncTeMe OKaabiBacTca yace paBHon 


c' 


= c± 


2QS 

L 


(3.3) 


r,ne O - yraoBaa CKopocTb cncTeMbi, S - nnoma^B KpyroBoro KOHTypa, 

L - nepiiMeTp KOHTypa. 

McTopbi OTO /iciicTBHTcnbno paioT y/ioBn ctbo pHTcnbnoc cornacne c pe- 
3ynbTaTaMH onTnnecKoro ontiTa Caiib^Ka, Kor/ia oTHOCHTenBHO 3eMnn Bpama- 
CTca (nnn ABnaceTca) npn6op, coocTBCimasi rpaBHTannoimaa Macca Koraporo 
HHHToacHa Mana. Oniraxo sth MCTO/ibi OKasbiBaioTca yace HenpnMeHHMBiMH k 
Bpamaiomciicsi cncTeMe OTCHCTa, cBa3aHHOH c caMHM MaccnBHbiM rpaBiiTiipyio- 
uihm TenoM 3eMnn b hcjiom. CymccTBeimaa orpaiin'iennocTb mctohob OTO 
npnMeHHTenBHO k hio6oh Bpamaiomciicsi cncTeMe OTCHera npoaBnaeTca b tom, 
hto Bpamaiomaaca cncTeMa OTcneTa cmnaimam nanpiiMcp, c npn6opoM nnn 
caMHM iiaomonaTcncM. coocTBcmiaa rpaBHTauHOHHaa Macca KOTopbix HHHToacHO 
Mana, no cbohm (J)H3HnecKHM cbohctb3m OKa3BiBaeTca (J)H3HnecKH He 3kbhb3- 
neHTHOH c Bpamaiomeiicji cucTeMOH OTC'iCTa, cBsnamioii c pcanbiibivi MacciiB- 
hbim rpaBHTHpyiomHM TenoM. Eonee toto, Kor^a HMeTca npocTO Bpamaioman 
CHCTeMa c flHHaMHHeCKHM «3KBHB3neHTHbIM rpaBHTaUHOHHBIM nOneM», (J)H3HHe- 
CKHe CBOHCTBa KOToporo cymecTBeHHO OTnHHHbi ot rpaBHTauHOHHoro nona pe- 
anBHoro MacciiBHoro rpaBHTupyiomero Tena, MHorne (J)H3HHecKHe aBnemra 
HMeiOT yace iaBcnoMO hhoh bhh. Hanpiivicp. b peanBHOM rpaBHTamiomioM none 
rpaBHTupyiomero Tena, KaK H3BecTHO, cnnBi rpaBHTauHii Bcer^a aBJiaioTca ch- 
naMH iiciiTpocTpeMiiTenbiibiMH, Mcacny TeM KaK b mniaMmiccKOM «3KBHBaneHT- 
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hom rpaBHTaunoHHOM none» chubi «rpaBHTauHH» Bcer/ja ocTaioTcn cnnaMH ueH- 
Tpo6e>KHi>iMH. CymecTBeHHoe oTmiHHoe npyr ot npyra Bpamaiomiixcn cucTeM 

OTC'ICTa 33BHCHT CIHC H OT 6HH30CTH HJIH OTCyTCTBHn OKOHO HIIX MaCCHBHBIX 

rpaBHTupyiomHX Ten, a TaKnce ot cocTonimn cavioi'i rpaBHTiipyiomcii viaccbi no 
OTHomeHHio k Bpamaiomeiicn cncTeMe OTCHCTa - npmiiiMacT nn OHa yiacTiic bo 
BpameHun HJIH HeT [3], 

H3BeCTHO, HTO 3JieKTpOMaTHHTHBie B3aHMOHCHCTBII51 B OOIUCM ypaBHeHHH 
Ana rpaBHTauHOHHoro noun b OTO BBonnTcn b bii.tc nononiniTcnBiioro nnena 
6e3 y'icTa bo3mo>khocth cymecTBOBaimn eme KaKon-To (|)H3ii'iccKoii BianMocBn- 
3H MC'/K.Ty 3THMH nOJIUMH. 3Ta CTaHO B03M0)KHbIM, KCT/ia B COOTBeTCTBHH C HC- 
xoflHtiMH (|)0 p Man b no - viaTC \i aT n nee k h m h KoimeniiiinMii OTO nwiaMiiHCCKOc 
«3KBHBajieHTHoe rpaBHTaiiHOHHoe none» anpuopHO CTann CHHTaTb nonHOCTbio 
SKBHBajieHTHBiM rpaBHTamioHHOMy nonio peantHoro rpaBHTiipyiomero Tena. 
AHajiorHHHO h 3(jxj)eKTbi Bpamemin b o6meM ypaBHeHHH zpin rpaBHTaimoHHoro 
noun, KaK sto OTMeneHO Bbirne, BBomiTcn Bcero nnuib KaK KHHeMaTHHecKHe 3<jj- 
c|)cktbi npcoopaiOBaimn KOMnoHeHTOB MCTpii'iecKoro TeH3opa h HanonceHim Ha 
hhx onpezieJieHHoro cjiopManbHoro npaBHna (h 3 a6cTpaKTHO-MaTeMaTHHecKoro 
(|)opManii3Ma CTO!) cniixpoiiH3aiuin nacoB c noMombio nyna CBeTa. ®H3HHecKan 
BeJIHHHHa «CKOpOCTB CBeTa» BBOHHTCn 3HCCB B (|)OpManBHO-MaTCMaTH l ICCKHC 
pac'iCTBi cmixponiiiaiiH h nacoB (no ycnoBHOMy 3aMKHyTOMy KOHTypy) 6e3 yiCTa 
KaKOH-nnGo cbsibh ee c pcanBiiBiMii rpaBHTaHHOHHbiMH nonnMH h rpaBHTHpyio- 
ITtHMH MaCCaMH, Tax KaK no HCXOZIHOMy BBOXtHMOMy yCJIOBHK) B «3KBHBajieHTHOM 
rpaBHTaHHOHHOM nojie» hx Boo6me HeT! AocTpaKTiian (JjopManbHO- 
m aT c m a Til 1 1 c c k a n eymHOCTb pacneTOB 3 (|k|)cktob bjhmhhh Bpamemin Ha CKopocTb 
CBeTa oco6eHHO Haran/mo nponBnneTcn b tom, hto Kenya c aocTpaKTiioii Bpa- 
maiomeHcn chctcmoh paccMarpnBaeTcn ynce peantHoe rpaBHTupyiomee Teno, 
BHe 3aBHCHMocTH ot toto, BpamaeTcn jih sto Teno BMecTe c Bpamaiomeiicn chc- 
TeMOH huh noKOHTcn, 3 (|k|)ckt Bnunmin BpameHun Ha CKopocTb CBeTa ocTaeTcn 
HeH3MeHHBiM. /(pyriiMH cnoBaMH, peamman ,t cii ctb men biioctb c 3JieKTpoMar- 
HHTHBIMH nOJWMH B a6cTpaKHOM (|)OpManH3MC MCTOJIOB OTO B 006 me OKaiBIBa- 
CTcn H3JiHuiHeH, Tax KaK nopTHT c])aca;i KpacHBoro mamin m aTCvtaT h' ice ko ro 
TeH3opHoro annapaTa OTO. Mmchiio noiTOViy CKopocTb CBeTa h sneKTpoMar- 
HHTHBie noun bbc/iciibi b o6mne ypaBiieimn OTO, Bcero nnuib, KaK /lononmi- 
TeJTBiiBic HJieHbi, 6e3 y'icTa bo3mo>khocth cymecTBOBaHim vicvK.Ty hhmh h peanb- 
hbimh rpaBHTiipyiomHMH TenaMH ii hx nonnMH eme KaKOH-TO (|)H3 hhcckoh Biaii- 
MocBn3H. CiiTyamin c oneKTpoviari i ht 1 1 bimh nonnMH b OTO eme 6onee ,to npa- 
MaTH3Ma o6ocTpneTcn, ecmi nocTaBHTb ecTecTBeHHBiH Bonpoc, a bui-wigt mi pe- 
antHbie rpaBHTauHOHHBie nonn ii TnroTeiomne Maccti Ha pa3HHHHbie sneKTpo- 
MarHHTHBie BiaiiMonciicTBim h nBneHiin? C oommioii noncii BeponTHocTH mo>k- 
ho yTBcp'/K/iaTB. hto MaccuBHoe rpaBHTupyiomee Tena 3eMnn B6nH3H ee noBepx- 
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hocth h aaeKTpuaecKaa h MarHHTHaa npoHHuaeMOCTH c|}H3HaecKoro BaKyyMa 
HeCOMHeHHO aOa'/KHBI HMCTB TGCHyiO (|)H3H'ICCKy 10 B33HMOCB5I3t>. 

A6cTpaKTHi>ie aonymeimsi b h3bgcthbix MCToaax OTO, aHaaoniaHO KaK h b 
a6cTpaKTHtix Mera^ax CTO, nonHOCTtio o6ycaoBaeHti hcxozihbimh orpaimaen- 
HBIMH KOIlHCnilHSlMH TeOpilH, OTBCpraiOIIIHX B03M0)KH0CTB CymeCTBOBaHHJI B 
paccMaTpHBaeMOM peantHOM npocTpaHCTBe KaKOH-an6o MaTepnaatHOH (|mmac- 
ckoh cpeati. Ecan b CTO aonymeimc cymecTBOBaHHJi b peajiBHOM npocipaHCT- 
Be jiioSoh MaTepnajitHOH cpeati (acjmpa, c|)H3HaecKoro BaKyyMa) npiiBoanao k 
H e3KBHBajieHTH0CTH CHCTGM OTCICTa, nOKOJHUHXCJI H .TBHVK'VIHHXCH OTHOCHTeUB- 
ho 3toh cpeati, a caeaoBaTeatHO, h k HenpiiMemiMOCTii k hum 'mimiTciiiioBCKO- 
ro npimmma otiiochtc-bbiiocth. to b OTO npiiMeHHTenBHo k BpamaiomuMca 
CHCTOMaM OTCICTa aonymeimc cymecTBOBaHHJi b paccMaTpiiBaeMOM npocTpaH- 
CTBe MaTepnajitHOH cpc,TBi npiiBoanao k iicooxo.thmocth yacra KaK coctohhhs 
3toh cpcaia no OTHomeHHio k TpaBHTiipyiomeMy Teny n ero Bpameffliio, TaK n 

B03M0)KH0CTH (|)H3H'ICCKOrO B33HNTO,TCHCTBHH CpC.TBI C ipaBHTHpyiOmHM TOJIOM. 
A TaK KaK orpaHHHeHHtie MCTonbi OTO, npiiMeHHTeatHo k peajiBHOMy npo- 
CTpaHCTBy rpaBHTauiioHHoro noaa n (J)H3HHecKoro BaKyyMa, hh oxmoro, hh apy- 
roro (JiaKTopa He yaiiTtiBaioT, to o6aacra npaKraaecKOH npiiMemiMOCTH stoh 
Teopnn OKaiBiBaioTci cymecTBeHHO orpaimacimi.iMH. 

Oco 6 eHHO naraaano a 6 cTpaKTHBiH xapaoep mctohob OTO oGHapyrnmaeT- 
ca npn HiiTcpnpcTaiiHH aBaefflia HCKpHBaeHna ayaa CBeTa BOairm Coaima [2, 3]. 
CoraacHO o 6 menpnHaTBiM npcacTanacimsiM OTO, BOairm m3cchbhbix rpaBHTii- 
pyiomnx Tea MeTpuKa npocTpaHCTBa 0Ka3i>iBaeTca HCKpHBaeHHon, BcacacTisnc 
aero n no npiiaiiHe aero aya CBeTa, npoxoaam™ no 3T0My HCKpnBaeHHOMy 
npocTpaHCTBy, ncKpnBaaeT cboio TpaeKTopnio. HnKaKon apyroM (|)H3H'icckoh 
HHTepnpeTanHH aBaeHino He aaeTca, aa n caMO surname HCKpiiBnemia npo- 
CTpaHCTBa HHKaKon (|)H3H'icckoh miTcpripeTaim h He noaaacTCH. ripcaaaracToi 
npocTO npuHaTB Ha Bepy, hto npocTpaHCTBO acHCTBHTcai.no KaK-TO HCKpHBaeHO, 
a o (J)H3HaecK0H cym aBaeHHa movkiio yace He ayataTB. TaK KaK Macca Coaima, b 
o 6 meM, aBaaeTca Bcamiimoii npaKTHaecKH nocToaHHOH, to OTKaoHeHne ayaa 
CBeTa OKoao Coaima Ha iaaaimoM paccTomm h ot Hero, coraacHO H3BecTHBiM 
3HHHiTeHH0BCKHM npcacTaBacimsiM 06 HCKpHBaeHHH npocTpaHCTBa, aOaVKHO 
6bitb BeanaHHOH Taicace CTporo nocTosmuoii h HanpaBaeHHOH CTporo no paany- 
cy. OaiiaKO pcaaiamic iiaoaioacimsi noKa3i>iBaioT, hto OTKaoiicimsi ayaa CBeTa 
OKoao Coaima npn pami.ix HiMcpcimsix cymecTBeHHO oTanaaioTca apyr ot apy- 
ra h 6 oaee aeM b ana pa3a OTanaaioTCH ot npcac Kasai mo ro Ohiiiiitchiiom ot- 
KaoHeHna. KpoMe Toro, KaK oyacT noKa3aHO Hiiace, ooiiapy'/KimacTcsi aiiiiaa He- 
paanaaiaiocTB OTKaoiicimsi ayaa CBeTa B6aH3H Coaima, b kotopoh npocMaTpn- 
BaioTCH aaeviciiTBi KaKOH-TO BiixpeBOH CTpyKTypti anaemia. rioBcacimBic nccae- 
aoBaima noKa3i>iBaioT [2], aTO HenpoTHBopeaiiBaa HiiTcpnpeTaima jtoto arsae- 



TjiaBa 1. OcHOBHbie cbohctb3 cpenw <}>H3mecKoro BaKyyMa 99 

HIM OKa3BIBaeTCJI B03M0)KH0H TOHBKO npH yiCTC peajIBHOCTH CymeCTBOBaHIM 
okoho Comma cpcnbi (|)H3HHecKoro BaKyyMa, KOTopaa b6hh3h noBepxHOCTH 
MaccuBHoro rpaBHTupyiomero Tena Comma npuHHMaeT ynacrae bo BpameffliH 
BMecTe co CBeTHJioM, hcm h o6i>hcimctcji ncpa/mammocTb otkhomcmbix nyHeil 
CBeTa okoho Comma. 

B npoTHBonoJio>KHOCTB aocTpaKTiibiM mcto/uim OTO, KoppcKTiiaa (|)H3H'ie- 
CKan HHTepnpeTauiM HBneHiM hckphbjichim nyna CBeTa okoho Comma ochobbi- 
BaeTCH, npe>Kne Bcero, Ha nonymemiH cymecTBOBaHiM okoho MaccHBHoro rpa- 
BHTHpyiomero Tena ConHua noHHOCTtio yBHeKaeMOH hm MaTepnammoH epenti 
(J)H3HHecKoro BaKyyMa, a BO-BToptix - <J)H3HHecKHMH npoueccaMH BHyTpn 
Conima. npiiHiiMan bo BHHMaHHe, hto b npoiicccc nponcxo.mmmx b nciiTpc 
Comma mcpimix pcaKimii h ammnimmim BemecTBa, npn KOTopon pcammaa 
MaTepHH ConHua npeBpamaeTCH b HOByio epeny <J)H3HHecKoro BaKyyMa, to b6hh- 
3h Comma nonmiibi ObiTb \ioimibic HCTeKaiomHe H3 Comma noTOKH cpcnbi c|m- 
3HHecKoro BaKyyMa. FIpn iiamimm *e rpa/mciiTa CKopocTcii b MaTepnammoM 
nocHTcnc CBeTa, KaK noKa3aHO eme b pa6oTax CTOKca no aocppamm CBeTa, 
/(oh>khi>i HaSmonaTben HBHeHiM HCKpHBHeHiM nyna CBeTa, npoxonmnero nepe3 
3Ty epeny, hto hohhoctbio o6iMCHJieT c|m3HKy hckphbhchim nyna CBeTa okoho 
Comma. IIpHHHMaa bo BHHMaHHe eme ynncncimc MaTcpnammoro iiochtchh 
CBeTa BpameHHeM rpaBHTupyiomero Tena Comma h iic'mamiTcmmbm HaKHOH 
nnocKOCTH BpameHiM CoHHira k SKHirnTiiKe (nopimKa 7°), to OTKHOHeHire nyna 
CBeTa okoho Comma hohvkho iimcth onpc/icncmiyio rmxpcoopamyio cTpyKTypy, 

HTO B neHCTBHTeHBHOCTH H IiaOmO/iaCTCfl. H OCo6eHHO HHTepeCHBIMH OKa3aHHCB 
pc iymmaTbi anaemia xapaKTepa H3MeHeHiM yrna OTKHOHeHiM nyna CBeTa okoho 
Comma b 3aBHCHMOCTH ot 1 1-ncTiicro miKna 3kthbhocth Comma [2, 45]. TaK 
KaK cKopocTB HCTeneHiM MaTcpnammoii cpcnbi <])H3HHecKoro BaKyyMa H3 ncnp 
Comma, KaK stoto h cnc/ionano ovKimaTb, nonmiia aarmecTb ot I I-ncTiicro iuik- 
na aKTHBHOCTH Comma, to conocTaBHeHire OTKHOHeHiM nyna CBeTa okoho 
Comma c aKTiirmocTbio Comma b sth ro/mi, ribipamemioro b nnenax Bymnjia, 
o6Hapy>KHBaeT y.mrrmTcmmyio Koppcmmmo sthx bchhhhh [2], Yron otkhohc- 
him nyna CBeTa okoho Comma npn yBeHHHeHHH aKTHBHOCTH ero b nepno/i 11- 
neTHero HHKna nenTemmocTH npiiBomiT k yBeHHHeHHio h yrna OTKHOHeHiM nyna 
CBeTa okoho Comma. KaK rmmio H3 paccMOTpeHHoro, ([maiiKa mine him ncKpiiB- 
HeHiM nyna CBeTa okoho Comma 0Ka3aHacr> Ky/ia ooncc chtokhoh h B3aHMOCBJi- 
33HHOH CO MHOTHMH HpyrHMH (])H3HHeCKHMH npOIICCCaMH Ha ComillC, 3H3HHe 
KOTopbix MO)KeT cnoco6cTBOBaTr> nammciimcMy y my one n mo Hamux 3H3hhh o 
Com me b iichom. Mcm/iy TeM KaK aocipaKTiibie orpammcmibic m cto/i bi OTO 
npaKTHHecKir mmiamr <])H3hkob iicooxomiMocTii nomiiiMaTb Bonpoe o KaKoii 
hh6o (])H3HHecKOH HHTepnpeTaiiHH stoto hbhchim. 

TaKHM o6pa30M, b OKpy>KaiomeM Hae pc ammo m okoho3Cmhom npocTpaHCT- 
Be rpaBHTauHOHHoro nomi h c|m3HHecKoro BaKyyMa npiiHimn OTHOCHTentmocTH, 
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b o6meM cjiynae, OKaibiBacTcsi nenpiiMcniiMbiM. B ycJiOBiuix >Ke Ha noBepxHOCTH 
MacciiBHoro rpaBHTiipyiomero Tena 3eMJiH, o6meH3BecTHBie HaM jaKoiibi Mexa- 

HHKH, 3JI C KT p 0,1 HI 13 M HKH H OnTHKH He OCTaiOTCJI HeH3MeHHBIMH B nOKOSHIICHCJI 
Ha noBepxHOCTH 3cmjih cucTeMe OTC'ICTa h b jiio6oh jiBH'/Kyineiicsi paBHOMepHo h 
npjiMOJiHHeHHO (hjih BpamaiomcHCH) othochtcjibho Hee. FIpnimMaH bo bhhm3- 
HHe HCKjnoHHTenBHo 6onBniHe paiMcpbi op6htbi 3cmjih h pa3Mepbi caMOH 3eM- 
jih, c onpcjicJicmibiM npn6nH>KeHHeM mojkho cniTaTb jibhvkciihc nenojiBH'/Kiioii 
OTHOCHTeJIBHO nOBepXHOCTH 3eMJIH JiaSopaTOpHOH CHCTeMBI OTC'ICTa B KOCMH'IC- 
ckom npocTpaHCTBe Kax paBHOMepHoe h npjiMOJiHHeHHOe. fl,a>Ke 6ojiee Toro, 
ecnH obi 3cmjiji jmnrajiacB b kocmhucckom npocTpaHCTBe Kax o.thiio'iiioc Teno 
paBHOMepHo h npjiMOJiHHeHHO h He Bpamajiacb okojio cboch och, to h b stom 
CJiynae CKa3aHHoe othochtcjibho orpanii'icimocTU npiiMcniiMOCTii npiinniina 
OTHOCHTeJIBHOCTH K nOKOSHIICHCJI H .TBH'/KV mCHCSI OTHOCHTeJIBHO nOBepXHOCTH 
3eMJin cucTeM OTC'ICTa ocTacTCH cnpanc/uniBbiM. TeM He MeHee, b peanBHOM 
npocTpaHCTBe rpaBHTarmoHHoro nojin h (J)H3HHecKoro BaKyyMa npiiHimn otho- 
CHTeJIBHOCTH HaCTHHHO (b (jlOpMyjIHpOBKH O.THIiaKOBOCTH 33KOHOB MeXaHHKH, 
3JieKTpOflHHaMHKH H OnTHKH B nOKOJHIieHCJI H B .TBH'/KyUIciiCSI CHCTeMaX OTC'ICTa) 
MOJKeT 6BITB npHMCHHM, HO TOJIBKO JSJIfl (|)H3H'ICCKH 3KBHB3JICHTHBIX CHCTCM OT¬ 
C'ICTa. HanpiiMep, b ycJiOBiuix Ha noBepxHOCTH MaccnBHoro rpaBHTiipyiomero 
TeJia 3eMJIH 3aKOHBI MeXaHHKH, 3 J1C K T p O ,T HII a M H K H H OnTHKH OCTaiOTCJI T3KHMH 
>Ke, KaK h b ycJiOBiuix Ha noBepxHOCTH MaccnBHoro rpaBHTiipyiomero TeJia Map- 
ca, TaK KaK (jmsuiecKHe ycJiOBiui Ha sthx njiaHeTax aocTaTOHHO 6jih3kh h npaK- 
THieCKH O.IHIiaKOBbl HX MaCCBI. C Ka>K/loir H3 paCCMaTpHBaeMBIX CHCTCM OTC'ICTa 
CBH3aHa 3HamTeJiBHan rpaBHTanHoimasi Macca He6ecHoro TeJia, h o6e njiaHeTBi 
HaxojpiTCfl cpaBHHTeJiBHO /lancKO ot BoiMymaiomcro /ichctbhsi rpaBHTaniionno- 
ro nojin eme 6oJiee MaccnBHoro TeJia Comma. OmiaKO Ha 3 tom h orpaiiH'iHBacT- 
cji npiiMeHHMocTB npuniuina othochtcjibhocth. Cue/iycT eme pa3 otmcthtb, hto 
b o6meM noHHTHH npnHunna othochtcjibhocth 3aKJnoieHO .zma ocHOBonoJia- 
raiomux VTBcpvKpciiHsi: a) oduHaKoeocmb iukohou MexamiKU, uieKinyodunu- 
MUKll II OimntKU B ZIBIDKymHXCJI OTHOCHTeJIBHO 7ip>T /ip)Ta HIICpiIHajIbllblX CHC- 
TeMax OTCieTa; 6) MteagugHmHOcmb i ymnennu MexamiKU, jneKinpoduiuiMii- 
ku it onmuKu b jiBHVKymuxcH othochtcjibho .ipyr .ipyra cucTeMax OTC'ICTa. B 
peajiBHOM npocTpaHCTBe rpaBiiTannonnoro nojin h (|)H3ii'iccKoro BaKyyMa nep- 
Boe yTBep'/Kjieime npiiinmna othochtcjibhocth - ojinnaKOBOCTb Bbipa'/Kcnnsi 
33KOHOB MeXaHHKH H 3JICKTpO.III113 MHKH - npHMCHHMO TOJIBKO JSJ1SI He CBH33HHBIX 
MC'/K,iy C 060 H (|)H3H'ICCKH 3KBHB3JICHTHBIX CHCTCM OTC'ICTa, MC'/K/iy TeM KaK BTO- 

poe yTBep>K7(eHHe npuniuina othochtcjibhocth - HHBapnaHTHOCTB ypaBHemiH - 
Boo6me HenpHMeHHMO b peajiBHOM npocTpaHCTBe c|m3HHecKoro BaKyyMa, TaK 
KaK oxma h Ta >Ke ToiKa npocTpaHCTBa b cpexie <J)H3HHecKoro BaKyyMa b noKon- 
mencji h b ,iBH>Kyinciicsi cucTeMax OTC'ICTa naxo.iiiTcsi iaBcpovio b He 3kbhb3- 
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JieHTHBIX (|)H3HHCCKHX yCJIOBHJIX. EcUH /lOnyCTHTb. HTO 113 HByX npilMepHO 3KBH- 
BaneHTHtix p a ex' m a Tp h b a c m bix chctcm otcictb, cBHiannbix c 3 c much h MapcoM, 
ozjHa Haxo^Hnact 6 bi cymecTBeHHO 6ni«Ke k MacciiBHOMy rpaBiiTiipyiomeMy 
Teny Comma, to t3khc chctcmbi otchct 3 ynce HenB3ii 6 bdio 6bi paccMaipiiBaTb 
KaK (])H3H'ICCKH TKBHBajICIITIIbIC CHCTCMBI OTC'iCTa. KpOMe TOrO, eCUH B KOCMH- 
necKOM npocTpaHCTBe /lonycTHTb cymecTBOBaHne miyx H3onnpoBaHHBix ot npy- 
rnx rpaBUTupyiomux Ten h ([ihihhcckh He CBsriainibic MORTiy co6oh chctcm ot- 
CHCT3, MBIT/KyHIHCCfl OTHOCHTeJIBHO /ip>T ,Tp>Ta paBHOMepHO H npUMOnHHCHHO, 
HO C OZIHOH H3 3THX CHCTCM 6BIJIO 6 bI CBHiailO KaKOe-TO MaCCHBHOe ipaBHTH- 
pyiomee Teno, to namibic chctcmbi oTGHera TaK>Ke 6 bijih 6bi 3aBc/ioMo (|)H3 hhc- 
CKH He 3KBHBajieHTHBIMH [2,3]. J],a>KC MCXailHHCCKHC HBJICHH3I B O/JHOH II ,Tp)TOH 
CHCTeMe OTC'iCTa b 3tom cnynac cymecTBeHHO 6 bi oranHanncB npyr ot npyra. 
Ecuh b oniioii chctcmc OTC'iCTa (6e3 rpaBiiTiipyiomeH MaccBi) hbh/Kchhc mo6oro 
npo6Horo Tena uccr/ia CTpeMHJiocB 6 bi coxpaiiHTb cocTOJiHiie noKon hjih npuMO- 
jiHHeHHoro h paBHOMepHoro .tbit/Kciihsi. to b npyroii chctcmc oTcnera (c rpaBH- 
TiipyiomeH Maccoii) Ha aiianorii'niBic nee coctoahidi npo6Horo Tena Bccryia Ha- 
KnayiBiBanocb 6 bi eme paBHoycKopeHHoe .tbita'ciihc ot BiaiiMO/iciicTBiisi npo6HO- 
ro Tena c Maccoii rpaBUTiipyiomero Tena. 

liia'iHTcnBHBie TpynnocTH npn ncnonB30BaHHH a6cTpaKTHBix h (|)op\ianb- 
hbix no cBoeii cymHocTii mctohob OTO bo3hhk3iot h npn onpcncncnmi pa3Me- 
poB nioobix Bpaiuaioiimxoi chctcm otchctb, Tax KaK nance npn iicjiia'iiiTCJibiioii 
yrnoBon CKopocra Bpaiucimsi chctcmbi OTC'iCTa uccr/ia bo3mo>kho BBi6paTB pa3- 
MepBi Bpaiuaioiuciioi chctcmbi TaKHMH, hto nHHeiiHBie CKopocra Bpamcnuji Ha 
ncpii(|)cpnn TaKoii chctcmbi MoryT OKasaTbcn b nio6oe Hiicno pa3 6onBiuHMH 
CKOpOCTH CBeTa, HTO C (|)H3HHeCKOH TOHKH 3pCITHH. HC/IOnyCTHMO. B CBH3H C 3THM 
b OTO BBiHyncneHBi bhochtb npoii3BonBHBie orpaHHHeHUJi Ha pa3MepBi moObix 
Bpaiuaioirmxcsi chctcm OTC'iCTa, TaK KaK jsjisi chctcm Bpamaioiunxcn c pa3HBiMH 
yrnoBBiMH CKopocTHMii sth orpaHHHeHUJi OKaibiBaioTCH, ecTecTBeHHO, paimi'i- 
HBIMH. 

Mohcho 6buio 6bi npiiBecTii eme n pan npyrux cymccTBcinibix iicyiocTaTKOB 
a6cTpaKTHBix no CBoeMy cymecTBy CTO nycToro npocTpaHCTBa h OTO nycToro 
o6meKOBapnaHTHoro npocTpaHCTBa, noMMciimoinux ocMBicneHHoe (|)H3 hhcckoc 
noHiiMaHne npoiicxomnnux npoueccoB a6cTpaKTHBiMii hohjithjimh h BbiBonaviH 
TaKHMH KaK: HCKpHBneHHOe npOCTpaHCTBO, H3MCIHUOHICCCJI OT CKOpOCTH ripe MU. 
H iMcnsiioinasiai ot CKopocTii Macca, himcihuohihcch ot cKopocTii pa3MepBi h t.,t. 

HHTepecHO npiiBecTii, HanpiiMep, BBicKa3BiB3HHe Kyiiicnona H.B., yiOBOJib- 
ho nonHo xapaKTepH3yiomee KaK inpaisbic paccy'/Kncnnsi coBpeMeHHoro (|)H3iiKa- 
MaTepnanncTa, TaK h hhcto a6cTpaKTHoe noHiiMaHne b CTO h OTO 3<j)(|)eKTOB 
iaMc/inennsi BpeMeHii >kh3hh mbit/Kv hi crocsi Me30Ha: «Korn a roBopnT 06 3Kcne- 
piiMeHTanBHOM nonTBcpncncnnn Teopim oTHocnTenBHocTH, to c[)H3hk- 
MaTepnanncT HMeeT b Biiny cobccm He to, hto xotjit npcncTariiiTb Ohhiutchh h 
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3HHiiiTeHHnaHi;bi. Bo3i>MeM HanpuMep, H3BecTHbiH (|)aKT H3MeHeHiDi BpeMemi 
pacna/ja .TBHVKyincrocJi Me30Ha no cparmcimio c BpeMeHeM pacna/ja noKOJimero- 
ca Me30Ha. J[nn SHHUiTeiiHa /jeno 3aKJii0HacTca b tom, hto HaSnio/iaTeiib «ot- 
Hec» M030H k npyroM cncTeMe Koop.THiiaT, b 3aBncnMocTn ot ototo h bcjic/tct- 
BHe 3TOTO H npOITTOITLTO H3MeHeHHe CKOpOCTH paCTTa.Ta Me30Ha. 

On3HK-MaTepnajincT noHHMaeT 3 tot (|)aKT coBceM no-HHOMy. BpeMJi pacna- 
/ia Me30Ha CTano hhbim noTOMy, hto .TBHVKyiriHHca mg30h - sto mo30h, cymecT- 
Byiomnn b npyrux ycnoBinix, b npyrux cbsttjtx h otiioiticiiitstx k OKpyacaiomHM 
ero MaTepnantHBiM TenaM. IlosTOMy y Hero n .apyraa piiTMHKa npoucccoB. no- 
3TOMy n BpeMa pacna.ua y Hero zipyroe» [46]. 

Mo>kho jih yrny6naTb noHHMaHne c[)H3HHecKOH cyra aBjieHHH, ocHOBbiBaact 
Ha MCTonax CTO h OTO, ecnH caMH iTcxo/iiibic noHaTHa ttitx ntcto.tob tbtstiot- 
cji anpuopHbiMH zionymeHiHiMH, KOTopbie aBHjracb npaMbiM ene/iCTBueM BBe,ne- 
hhji b (j)H3HKy (])opMajiH3Ma a6conioTHO nycToro He peantHoro 4-x MepHoro npo- 
CTpaHCTBa. OmiaKO .TonymciiHC peanbHocra cymecTBOBaHiia yHHBepcanbHOH 
MHpOBOH Cpe.Tbl, CTaBHT Ha nOBeCTKy .TIIH OHCBH.THblC npo6neMbI, CBHiailllblC c 
ITCOOXO.TITMOCTBIO OnHCaHHJI o6niHX (])H3HHeCKHX CBOHCTB 3TOH CpC.Tbl. KaK H 

Aim jiio6oh apyroii peajibHOH MaTepnajibHOH cpezibi, ocHOBHBie cBoncTBa cpe^bi 
(])H3HHecKoro BaxyyMa .noiDKHbi 6biTb Bbipa>KeHbi b MaTeMaTiinecKOH (JiopMe b 
bh.tc ypaBHeHHH GOGTOJffliM cpc.Tbi, ypaBHeHHH .tbhvkciihsi h ypaBHeHHH ,nnn no- 
JieH B 3TOH Cpe.TC H T.,T. FIpH'ICM BBIBO.T ITCOOXO.TITMBIX ypaBHeHHH JSflfl MaTepH- 
ajiBHOH cpezibi <])H3HHecKoro BaxyyMa cymecTBeHHo ycnoacHaeTca TeM, hto bh- 
bo,t 3thx ypaBHeHHJi cpa3y ace .tojt/Kcit coraacoBbiBaTbCJi c orpoMHbiM HaKon- 
jieHHbiM no nacTosHHcro BpeMeHH TeoperaHecKHM h 3 kc nep hmci nan bhmm cjjaK- 
THHecKHM MaTepnajioM. Ha nepBOM 3Tane MaTepnajibHaa cpc.Ta c[)H3HHecKoro 
BaxyyMa .nonacHa 6biTb onucaHa, npeacne Bcero, b MaKpocKonunecKOM npezi- 
CTaBJieHHH KaK HenpepbiBHaa MaTepnajibHaa cpe.ua h b MUKpocKonunecKOM 
npe.TCTa bjichhit KaK .THCKpcTiiaH MaTepnajibHaa cpc/ia. Ha ciic.TyioiHCM TTanc 
mo>kho ia.TaTBCH yace BonpocaMH CTpyKTypHoro CTpoemia caMOH cpc.Tbi h co- 
CTaBJiaioiriHX ee .thckpctiibix tjicmciitob. Ho npn nocTpoeHHH hioobix iiobbix 
TeopnH h mo.tcjicii MaTepHajiBHOH cpc.Tbi iicooxo.thmo Hcxo.THTb. npcvK.Tc Bcero, 
H3 HaKOnjieHHbIX .TO IiaCTOSHHCrO BpeMeHH HCJIOBCHCCTBOM 3HaHHH, a T3K)Ke 
HMCiomcroca orpoMHoro TeopeTHHecKoro h 3 kc n e p it mc i nan b i ro ro ([) a k tit l i c c k o r o 
MaTepnajia. 

4 . HHBapHaHTHOCTb 3aKOHOB MCXaHHKH H 3JieKTpOAHHaMHKH 
b peajibHOM npocTpaHCTBe 

B paMKax npc.TCTaBTCiiiTil a6cTpar it po b a1111oro a6coJiK>THO nycToro npo- 
CTpaHCTBa CTO paccMOTpuM, HanpuMep, B3 a it \t o ,T c it c t b it c noKoameroca b hc- 



TjiaBa 1. OcHOBHbie CBOHCTBa cpenw ()>H3HHecKoro BaKyyMa 


103 


xozihoh jiaSopaTopHoii cucTeMe OTC'icTa K 3JieKTpiiHecicoro 3ap»;ia q c nocTosni- 
HBIM 3JieKTpHHeCKHM nOJICM E DCCKOIIC'IIIOH paBHOMepHO japfl'/KCIHIoil HHTH, 
naxo.iHirieiicfl ot lapajia q Ha paccTOsnimi R : 

F = Eq. (4.1) 

Mcxo/iiibimh noJiHMii b noKoaincHCH naSopaTopHoii cucTeMe HBjiniOTCa nona 

E * 0, (4.2) 

H = 0. (4.3) 

Ecjih paccMOTpeTt Tenept /ipyryio cucTeMy OTcicTa K'. jiBiivKyiriyioca co cicopo- 
CTBK) V B.lO-Tb OCH X OTHOCHTeJIBHO CHCTCMBI OTCHCTa K paBHOMepHO H npaMO- 
JIHHeHHO, TO OTHOCHTeJIBHO 3TOH CHCTeMBI OTCHCTa TJTCKTpHHCCKOC nOJie E H 3a- 
p nn q HaxojpiTca y>Ke b ziBH>KeHHH. Hcno:iB3yji cjropMyjiBi npeo6pa30BaHHJi jjjbi 
nonefl CTO h yHHTBiBaa, hto pace m aTp h b a ctc a BiaiiMo/iciicTBiic lapa/ia q c Bep- 
THK3JIBHOH KOMnOHeHTOH SJieKTpilHeCKOrO nOJM E z , RJIfL SJieKTpilHeCKOrO E' H 
MarHHTHoro //' noireM b jiBiivKyinciica cucTeMe oTcneTa K' 6y/ic\i hmctb 

(rae (3 = VIC) 


K=~ 

E z 

( ~ ’ 

(4.4) 

V 

1-V-/C 2 


H 'y=~ 

P^z 

/ 1 rz2/^-r2 

(4.5) 


OTKy/ia jpia chjibi BiaiiMojiciicTBiia F' b jiBiivKyiricMca cucTeMe OTC'icTa K' oy/icM 
HMeTB 

F' = E' z q-q®H' y ). (4.6) 


npHHHMaa BO BHHMaHHe (4.4), (4.5) , JXJin CHJIBI B3aHMO,IjeHCTBH5I F B £BH)Ky- 
meiicH cHCTeMe OTcneTa nojiynaeM 


F' = E z qU\-V 2 /C 2 \ 


(4.7) 


HTO HeCKOJIBKO OTJ7HHaCTC5T OT BBipa'/KCIlHJI ,TJ7fl CHJIBI B3 3IIMOHCHCTBII51 B nOKOH- 
inciicsr cucTeMe OTcicTa K (1). OjinaKo, ecjin nona (4.4), (4.5) b cucTeMe OTcicTa 
K' npiiHUTB 3a hcxo.tiibic h npiiMeHHTB k hhm npeo6pa30BaHHii nojieii CTO jura 
OTBicKaHHH hx jiiaHciiHsi b HaHajiBHOH iicxo.Tiioii cucTeMe OTCHeTa K. to o6Ha- 
py>KHM 


e: = 




E’+\W y 

1 ~ ~ ’ 

(4.8) 

yi -v 2 /c 2 


H' y - pe; 

/ ^ • 

(4.9) 

yjl-V 2 /C 2 
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npuHHMaa bo BHHMamie (4.4), (4.5), aim nonefi b ncxo.inoii noKonmeficn chc- 
TeMe OTC'iCTa K bhobb nonynaeM 


e: = 


h: = 


1 

E z 

P 2 e : 

yll~V 2 /C 2 , 

Ji-v 2 /c 2 y 

k-v 2 /c 2 y 


f 

X 

1 

P E z 

P E z 

yjl ~V 2 /C 2 

Jl-V 2 /C 2 ■ 

-v 2 /c 2 y 


=e. 


= o, 


(4.10) 


(4.11) 


T.e. iiouynacM iicxo.iiibic nonn b noKOnmeficn na6opaTopHofi cncTeMe OTC'iCTa K 
(4.4), (4.5). To’A'.iccTBcnnaa sKBHBancm tioctb iiony'icimBix b ncxo.inoii cncTeMe 
OTC'iCTa K 3ncKTpn'icc k nx h MaTHHTHBix nonefi nyTeM HHK.TH'iccKoro ncpcxo/ia 
ii3 o,t iioii cucTeMBi OTC'iCTa b .ipyryio ii oopanio OTpa>KacT co6ofi, conacuo H3- 
BecTHBiM npciCTaB.iciiiiJiM, nonHyio HHBapiiaHTHOCTB ypaBHeHini 1.11 nonefi 
OTHociiTejiBHo npeo6pa30BaHiifi Jlopemia, hto oTpancaeT, b cboio o'icpc.iB, ii 
nonHyio npiiMeffliMOCTB npimmina OTHOCHTenBHOCTii k omicBiBaeMOMy ineK- 
TpoMaraiiTHOMy HBncimio. 

Movkiio noKa3aTB, ecnn iBienne BianMO/icncTBHi noKouncroci incKTpu- 
'iccKoro lapua q c incKTpii'iccKHM noneM E occkoiic'iiio nnmiiioii paBHOMepHO 
iapivKcinioii hhth paccMOTpeTB c no3iinnfi npiiMeffliMOCTH k 3TOMy incKTpo- 
MamiiTHOMy hbiciihio npeoopaioBannsi KoopiiniaT n npimmina OTHOCHTenBHO- 
cth rannnen, to nocne hhkih'icckhx npeo6pa30Bamifi ,ina hcxo/hibix incKTpii- 
necKiix ii MamnTHBix nonefi b naoopaTopnoii cncTeMe OTC'iCTa nonynacM 


E" = E(1-K 2 /C 2 )*E, (4.12) 

H” = 0. (4.13) 

ConocTaBnnn (4.4), (4.5) c (4.12), (4.13), o6Hapy>KHBaeM, hto mbi y*e He nony- 
naeM iicpBoiia'ianBiiBix nonefi E, H b iicxoinoii noKonmeficn naoopaTopnoii 
cncTeMe OTC'iCTa. 

Cnc.iOBaTcnBiio, ypaBiiciina one KTpoiii11a mhkii He HHBapiiaHTHBi othocii- 
TenBHO npeo6pa30BaHnfi Tammea n npimmin OTHOCHTenBHOCTii k hum in a no- 
Konmeficn n .iBiincyinciicai cucTeM OTcicTa b nonHofi Mepe He npiiMemiM. Eonee 
toto, ,ia>KC ,im c])hih'icckh 3KBHBaneHTHBix peanBHBix cucTeM OTC'iCTa, cBHian- 
hbix, HanpiiMep, c 3eMnefi n MapcoM, mi kotopbix nonHOCTBio BBinonHHMO 
nepBoe vtbcp>k,iciihc npimmina OTHOCHTenBHOCTii 06 o.iimaKo booth BBipance- 
ii mi 3aKOHOM MexamiKH ii 3ne KTpoiii 11a\i h kh . npimmin OTHOCHTenBHOCTii rann- 
nen He npiiMemiM no npiimme orpaffliHeHHOCTii KimeMaTHHecKiix (])op\iyn aim 
npcoopaaoBaimi KoopiiniaT n o6mnx npeiCTaBieniiii o nycTOM npocTpaHCTBe. 

TaxiiM o6pa30M, npiiMeHHTenBHO k peanBHOMy OKono3eMHOMy n kocmhhc- 
CKOMy npocTpaHCTBy, npimmin OTHOCHTenBHOCTii He npiiMeHiiM hii b KnaccHHe- 
ckom, hii b penflTHBHCTCKOM ero npiiEniraceHmix. Hto KacacTci noiin\ianna (]in- 
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3HHecKoro cymecTBa npimuiina oinocmejihHociH, to oho nonacHO ochobbi- 
BaTBca, KaK OTMenanocB yace BBime, Ha ,iByx ocHOBononaraiomHX yTBcpacncmi- 
3X. I Ipillllllllia OlHOCHieJIBHOCIH - 0,1 H11 a KO B O CT M BBipa’A'Cima 3aK0H0B Mexa- 
HHKIl II 311C KTp 0,1 I'll I a M HKH B /IByX (])H3H'ICCKH 3KBHBajI0HTHBIX ipaBHTHpyiOmHX 
CHCTOMaX OTCHCTa H HHBapHaHTHOCTH ypaBIICIIIIH, OnilCBIBaiOmHX 3TH 3aKOHBI 
b ohhoh h .ipyroii chctomo OTCHCTa, c| ) y i i,i a m c i it an b 1 1 o c t b kotopbix cymecTBeH- 
ho pa3JiHHHa. llcpBoc y tb ep>K,ieline npnHunna otiiochtchbiiocth npiiMeHHTenB- 
ho k peanBHOMy npocTpaHCTBy rpaBHTaiirioiiiioro nona h c[) hi mice koto BaKyyMa 
npilMOHHMO TOUBKO B 'iaCTIIOM CJiyHaC (J)H3HHeCKH nOJIHOCTBK) 3KBHBajieHTHBIX 
CHCTOM OTCHCTa, CBaiailllBIX C 3KBIlBajl6HTHBIMH MaCCHBHBIMH ipaBHTHpyiO- 
iuhmh TenaMH h y,ia,icniiBiMH ot /ipyriix rpaBUTupyiomux chctom OTCHCTa. Ho 
nance nna TaKiix (})hthhcckit sKBHBaneHTHBix chctom OTCHCTa b peanBHOM npo- 
CTpaHCTBe rpaBHTaiiHOHHoro nona h (fmiHHCCKoro BaKyyMa, BTopoe yTBepncne- 
HHe npnHunna othochtojibhocth - HHBapnairi HOC i n ypaBHemm McxamiKii h 
3JieKTp0flHHaMHKH, HB3HCTCJI 3aBC,10M0 HenpiieMneMBIM. flflX (J)H3HHeCKH ace 
3KBHBaiieHTHBIX CHCTOM OTCHCTa, He CB33aHHBIX C MaCCHBHBIMH TpaBHTHpyiOIUH- 
mh TenaMH, ho /iBiivKymuxcn othochtcubho ,ipyr .ipyra imcpimanBiio. hii nep- 
Boe, hii BTopoe yTBep’/K/ieime iipmimma othochtcubhocth 0Ka3BiBai0Tca yace He 
npuMeHHMBiMH. llocToancTBO CKopoeTH CBeTa h ee Bcnii'miia aBnaioTca (jirnriHC- 
CKaMH xapaKTepucTHKaMH cpc/iBi (])H3HHCCKoro BaxyyMa h cnaiaimoro c hum 
rpaBHTauHOHHoro nona, h iiojtomv cicopocTb CBeTa He movkct oTHOCHTBca k 
noHaTHio (])H3H l iccKoro «npHHHnna OTHOCHTenBHOCTH» b 0,1 noil h .ipyroii chc- 
TeMe OTC'iCTa, naxo,iamnxca b o.moii h toh ace cpe.ic (])ii3H'iecKoro BaKyyMa. H 3 
iipriBC/icimoro BBime aHanH3a bh.iiio, hto npiiHunn OTHOCHTenBHOCTH, KaK nacT- 
hbih, TaK h ooimiii. nonHOCTBio noTepann cboio <]) y 11 ,i a m c i it an b i i y i o iiubihmoctb 
h b mo6oii MaTcpiianBiioii cpe.ic peanBHoro npocTpaHCTBa npiiMemiMOCTB hx 
orpamiHciia. 


5 . AKCHOMaTHMecKHe ocHOBbi HayMHbix TeopiiH 

H3BecTHo, hto KOHTHHyyM oOBCKTHBiio cyinccTByloincro II He 3aBHCamerO 
ot Hac OKpyacaiomero Miipa onpc.ienacTca cnc,iyioinriMH ochobhbimh noHaTiia- 
mh: npocTpaHCTBO, Ma i epiia h ee nBimemie. Bee ocTanBHoe, KaK oTMenanocB 
yace BBime, OTHOCHTca k KaTeropnaM, He 3aBHcamiiM ot eyOBCKTa o6b6kthbhoh 
neiicTBHTenBHocTH, omicBiBaeMoii cy6BeKT0M nocpc.icTBOM ero co6cTBeHHBix 
cy6BeKTHBHO-a6cTpaKTHBix mct o.io b oTpaacemia OKpyacaiomero ero Miipa. 

npiineM, KaK TaKace OTMenanocB yace BBime, ot CTenemi 3aK0HHeHH0CTH h 
nonHOTBi (]iop\inpoBaiina Bcex ocHOBononaraiomHX Koiinciiiiiiii h ycTaHOBneHiia 
npaBHnBHOH hx B3aHMOCBa3H vicac.iy co6oii b 3HaHHTenBHoii CTeneHH 3aBHCHT 
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06 beKTHBH 0 CTb OHHCailHH H TOCTOBCpilOCTB OTpa)KeHHJI flBJieHHH OObCKTHBHOH 
^eHCTBHTeUBHOCTH. 

H3BecTHO, hto BnepBBie ocHOBononaraiomne aKCHOMbi EcTecTB03Hamia Ha- 
HajIH BBO.THTBCT CIUC EbKHHAOM [47]. XU'/KC Ha TOM, aaJieKOM OT COBpeMeHHOH 
HayKH, HanajitHOM nepno.TC pa3BHTH» naymiBix npcTCTaBJicniiii, npe>K,TC hcm 
pa3BHBaTB CBOH TCOpCTHHCCKHC nOCTpOCHHH 0 HOBbIX HayHHbIX 3IF3IIHHX, EbKJTM.T 
Hamen o'iciib b3>khbim h Hy>KHbiM /iaTB HaqanbHbie onpeaenefflia iicxo/ihbim oc- 
HOBononaraiomHM noHjrmsM. EtpiiHeM CHanajia Ebkiih/i /iacT oiipe.iejieHHii TeM 
noHSTHJM, KOToptie oh ncnojii>3yeT npn (jjopMynupoBKe caMHX nocTynaTOB h 
aKCHOM. Mbi He oy/iCM o c t a n a b .3 h b a t b c a Ha Bcex HaqanbHbix onpcACJieniiJi.x 
EBKHHAa (/iCTa.BBHOMy aHajiH3y stoh npo6neMbi c no3Hmni coBpeMeHHbix npe/i- 
CTaBJieHHH HCOOXO/IHMO OB 1.30 6bl riOCBHTHTB OT.TC-BBHyiO KHHTy), KOTOpbie OBI.3H 
BeebMa HCOOXO.THMBIMH JlJlfL TOTO BpeMeHH (HeKOTOpbie H3 HHX He noTepann CBO- 
en aKTyajibHOCTH, Boo6iqe-TO, h b nacTOTHiec Bpcvoi!), ho b KanecTBC npHMepa 
nepeHHCJiHM pan ochobhbix iioihithh, KOTOpbie onpe/ic.BH.B caM Ebk.bh/i. 

Ela nepBOM MecTe 3HaMeHHToe onpeTC.BcnHC rioiun ini «TO'iKa»: «To'iKa ecTb 
to, hto He HMeeT 'iacTCH». flanee iiphbo/ihtch onpeaeneHiDi noimi-ii-i: jihhhh, 
npuMan hhhhh, noBepxHOCTb, yron h rioim hh o pa3JiHHHbix rcoMCTpiHiecKHX 
c])Hrypax h t.,t. riocne stoto Ebk.bh.t npiiBOTHT iiociv.iaibi, He onpc/icjuia caMO 
noHJiTue «nocTynaT» [47]. ElacneT CTporocTH cjiopMyjiHpoBOK, npneMJieMOCTH 
nocTynaTOB h aKCHOM EBK.3H.Ta b nacToamec Bpcvia mo>kho, koiiciho, co mho- 
thm He cornamaTbca huh BBecra cooTBeTCTByiomHe AononHeHna huh H3MeHe- 
HI1H, O.TIiaKO HaCKOJIbKO HCKJHOHHTC.BBIIO OOTBIIIOC 31133011110 lipH/iaBa.3 EbK. 3H,T 
npaBHJIbHOCTH (])OpMy.3HpOBKa\( HOBbIX BBOTHMBIX HM nOHHTHH H OnpCTC-3CHIIH. 

bhtho H3 c.3c,TyiomHx npuMepoB [47]: 

«IIocTyjiaTbi 

I.Ot BCflKOH TOHKH flO BC51KOH TOHKH MOaCHO IipOBeCTH npflMyiO JIHHHIO. 

2. OrpaHHTeHHyro npaMyro MoacHO HenpepwBHO npoqoJiacaTb no npaMon. 

3. El 3 BcaKoro qeHTpa n bcakhm pacTBopoM MoaceT 6 wtb onncaH Kpyr. 

4. (Akc. 10) II hto Bee npflMbie yraw paBHW Meacqy co6oii. 

5. (Akc. 11) II ecjin npaMaa, naqaioniaa Ha qBe npaMwe, o6pa3yeT BHyTpeHnnc h 
no oqHy CTopoHy yraw, MCHtme qByx npaMwx, to npoqoJiaceHHwe 3 th qBe 
npflMbie HcorpaHHHenHO BCTpeTflTca c toh CTopoHW, rqe yraw MCHtme qByx 
np«Mwx»... 

/]ajibme h.tct 3aronoBOK 

«06mne noHHTHH 

(Akchomm) 

1 . PaBHwe OTHOMy n TOMy ace paBHW Meacqy co6on. 

2. IE ecjin k paBHHM npH6aBJiaK3Tca paBHwe, to h qejiwe 6yqyT paBqw. 

3. IE ecjin ot paBqwx OTHHMaioTCfl paBqwe, to ocTaTKH 6yqyT paBqw. 
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4. H ecjiH k HepaBHBiM npii6aBJiaioTca paBHbie, to qejibie 6yqyT He paBHbi. 

5. II yqBoeHHbie ohhoto h toto ace paBHbi Meacqy co6oh. 

6. H nonoBHHW ohhoto h toto ace paBHbi Meacqy co6oh. 

7. H coBMemaioiHHeca npyr c npyroM paBHbi Meacqy co6oh. 

8. H qejioe 6oJibine lacra. 

9. I-I HBe npaMbie He coqepacaT npocTpaHCTBa». 

«Tpy,ino noBepiiTb, ho 3to TaK. npiiBcncnnaa MiKfiopManna aBiacTca c])yn- 
^aMeHTOM aim Bcex tohiibix HayK (He tojibko b npomnoM, ho nance h b nac'Toa- 
meM BpeMeHH OHa He noTepana cboci'i axTyanbHOCTH). IIocTyiiaTbi 4, 5 (b cko6- 
xax) inanaTca. xax necaTaa h onminannaTaa aKCHOMbi. HaM He H3Becrao, none- 
My 'iCTBcpToe h naioe nocTynHpoBaHHbie yTBepvfcncniia oTHeceHbi Ebkhhhom k 
aKCHOMaM. Huh nano nonaraTb, hto hx mtokho ciman, onnonpeMenno h nocTy- 
naTaMH h aKCHOMaMH. Konenno, earn obi Ebkhhji onpenenHJi nonaina «nocTy- 
JiaT» H «AKCHOMa», TO HCTBCpTBlii H HHTBlii nOCTyjiaTBI MOTJIH 6bl OKa3aTBCa B 
cnucKe aKCHOM» [48]. 

nocneaoBaTenH EBXJinna h HbioTOHa Taxace He npnnaJin b CBoe Bpevia 
6 onbmoro ina'inniia tohhocth (})op\iyjinpoBOK KaK ithx, Tax h npyrnx noila¬ 
in ii. nooToviy nponccc OTncceniia ocHOBononaraiomHX nayniBix yTBcpvK.Tcnnii 
k KJiaccy axcHOM huh k KJiaccy nocTynaTOB npnnaji xaoTHHCCKHH xapaKTcp. Ec- 
jih Ha HanajibHOM OTane CTanoBJieniia iiobbix naynninx 3HamiH ynciiBie eme 3a- 
.TyMBiBanncb nap Ba>KiiocTBio tohhocth nananBiiBix (f)op\iyjinpoBOK ocHOBono- 
Jiararomux nonoaceHiiH, onpenenemiH, axcnoM, nocTynaTOB, to b nanBnenmeM, 
TeM 6 onee b XIX h XX bckc, (})H3hkh viano yace lanyMBinajincB Han iicooxo.th- 
moctbk) yrpyacnaTb ce 6 e 3toh BTopocTeneHHoii, Ha hx Birnan, pa 6 oTOH. Kaac- 
,ibih yneHbiH, He H\iea 'ictkoto xpHTcpna ouciikh cyiiinocTn cbohx ocHOBonona- 
raiomux HayHHbix yTBcpacnennii. onpenenan hx Ha CBoe ycMOTpeHHe, 6e3 Heo 6 - 
xo/ihmocth corjiacoBbiBaTb 3th yiBepacnemia c ooincnpnnaTBiMH yTBepacne- 
hhsmh npyrux aBTopoB. H3-3a Bceo 6 mero npoioBOJia b Bbi 6 ope h (]iopMynnpoB- 
xe y l iciiBiMH ncxoniiBix nonai nii b cbohx Tcopnax, Bee 6 onee h 6 onee ycyry 6 .ua- 
jiocb h 6e3 toto KpH3HCHoe cocToannc bo Been coBpeMeHHoii nayKc. B pe 3 ynb- 
TaTe Taxoro noBceMecTHoro npoH3Bona b cjjopMynupoBxe hcxo.tiibix c])H3HHecxHX 
H (])HJ 10 C 0 (])CKHX nOHHTHH H OnpcnCJICIlHH, (j)H3HXH ,Ta>XC H3 0,1 IIOH o 6 naCTH HC- 
cncnoBanna nopoii Boo 6 me nepecTaioT noHHMaTb npyr ipyra. CiiTyanna oxa3bi- 
BacTca eme 6 onee njiancBiion, xorna pent hict 06 yneiiBix H3 pa3Hbix oonacTen 
3H3HHH. Co3,iacTca BneHaTJieHne, hto mbi He cMoaceM oco3HaTb 6c3bbixo,iiioctb 
C-ioacHBiiicnea b coBpeMeHHOH Hayxe CHTyamiH no Tex nop, noxa npii3HaxH rny- 
DOHai'iincro xpii3Hca b TeopeTiiHecxon c])H3Hxe npcncJiBiio He oGnaacaTca. «Mbi 
He cmo’/Xcm npeoioiCTB 3tot xpH3iic, earn He naBC,iCM nopanox b ocHOBonona- 
raiomHX HayHHbix noHaTHax, xoTopbiMH mbi nonb3yeMca» [48]. 
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Ilpo6iieMa ycTairoBucniii-i npaBHJibHbix h tohhbix (JiopMynupoBOK hcxo/hibix 
(J)H3HHeCKHX H (JjHHOCOCjjCKHX nOHHTHH JIK)6oH (J)H3HHeCKOH TeOpHII .IjajieKO He 

npocroe aeno, yniiTbiBaa, hto sth noiumia o6a3aTenbHO ^oidkhbi 6bitb eflHHbi- 
MH H OOIIIHMH RJlfL BCeX TeOpHII, KOTOpbie CO'i/iaiOTCJI pa3HBIMH aBTopaMH. Tojib- 
ko b 3tom cjiynae mo>kho pa3BHBaTb o6mne ana Bcex h HyacHbie ,3 jth Bcex nayi- 

IlblC 3H3HH5I. Ba>KHOCTb 3TOH npoOneMBI B IiaCTOJIIIieC BpCMH OKa'jbIBaCTCJI CHIC 
6onee aKTyanbHOH, npiiHHMaa bo BHHMaHHe, hto ana coBpeMeHHOH HayKH 3Ha- 
hhh EBKHH^a h HbioTOHa [47, 49] o BavKiioil ponn tohhocth onpe/icaciiHJi hc- 

XO,HHbIX nOHSTHH (JjH3HHeCKHX TeOpHII OKa'jbIBaCTCJI y>Ke aaneKO He JIOCTaTOH- 
hbim. PaccMOTpHM, ana npiiMepa, 2 -h nocTynaT EBKnH.ua ... 

2 . Om ecHKoii moHKu do ecmoii mowu mookho npoeecmu npmiyro jiuhuio. 

Ecjih nonoOHaa cjjopMynHpoBKa nocTynaTa bo BpeMeHa EBKnn.ua 6biJia BnonHe 
.HOCTaTOHHOH, TO B IiaillC BpCMJI, KCT/ia y>Ke HBHO o6Ha>KHI[HCb HC/lOCTaTKH H 
npOTHBOpeHHM MC/K/iy pa3JIHHHBIMH Tcopi-uiMH. HO/lOOIiajI cjjopMynupoBKa Tpe6y- 
eT y>Ke .norioniiHTcnbiibix iiojiciiciihh. CHTyamia ocnouKHaeTca eme TeM, hto co- 
BpeMeHHBiH yHeHbiH hh6o Boo6me urnopupycT hcooxo/ihmoctb jaiiHMaTbCJi 
onpcAcacimcM KaKHX-TO eme hcxo/hibix iioiijithh, jih6o He MO)KeT amb hctkhx 
h o/iHO'jna'iiibix onpc/iCJiciiHii sthm iioiihthjim h BectMa npoii3BonbHO iicnoab- 
3yeT hx b cbohx TeopeTHHecKHX nocTpociiHJix. /Ipyrne aBTopbi, Hao6opoT, bo- 
npeKH MHOTHM y5Ke H3BeCTHBIM H yGT a IIO B H B111H M C H IIOII JIT HUM H OnpC/|CHCIIHJIM, 
OHCHb JieTKO BBO.TJIT HaCTOJIBKO MHOTO CBOHX HOBbIX IIOIIJITHH H OnpC/ieMCIlHH. 
hto Bbi3biBaeT coMHeHHe 3HaKOMCTBo aBTopa c TeM, hto iiaKonjicno yace nenoBe- 
necTBOM ,to Hero. llpoK.Tc Bcero, afiopMyjnipycM hoiijithji Akchomm h IlocTy- 
jiaTa, Kax sto 3anHcaHo b coBpeMeHHOM cJjhhococJjckom 3iihhkmo ric/i hhcckom 
cnoBape [50]: 

- AKCHOMa - 3 to nojiojKeHHe HeKOTopoil naHHoil Teopiin, KOTopoe npn nenyKTHB- 
hom nocTpoeHHH 3 toh Teopnn He flOKa3WBaeTca b Heil, a npuHUMaeTca 3a Hcxon- 
Hoe, OTnpaBHoe, neacamee b ocHOBe noKa3aTeJibCTB npyrax npennoJKeHHH stoh 
T eopim. 

- IIocTyjiaT - 3to cyacneHHe, kotopbim noJiB3yiOTC» Ana noKa3aTeJibCTBa Kax hc- 
xo^HbiM, ho He o6naflaiomHM enie caMooneBHaHOCTbio. 

Eonee hctko h naKOHUHHo sto >'tbcp>k;iciihc afiopMyjnipoBano aBTopoM [51], 

KOTOpbIM MbI BOCnOMb3yCMCJi: 

- AKCHOMa - oneBiiziHoe yTBepacneHHe, He Tpe6yiomee SKcnepiiMeHTajibHoil npo- 
BepKH h He HMeromee HCKJiioHeHHH. 

- IIocTyjiaT - HeoHeBHaHoe yTBepacneHHe, nocTOBepHOCTb KOToporo noKa3MBaeTC« 
tojibko 3KcnepHMeHTajibHBiM nyTeM hjih cnenyeT H3 SKcnepHMeHTOB. 

B Ka'iecTBC npiiMepa /icTajibiioro anannsa cymecTBa o/moro H3 BBO.THMoro no- 
hjithji paccMOTpHM 2-h nocTynaT EnKHH/ia: 
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2 . Om ecHKoii moHKu do ecmoii moHKu mochcho npoeecmu npmtyro jiuhwo. 

B aaHHOM onpepcncmin ocTaeTca mhoto neaciiocTCH, ot kotopbix MoryT 6 bitb 
cpenaHBi iicopnoma'niBic 3aKmoHeHiDi. npoKyic Bcero, neaciio, rpe pacnono>Ke- 
hbi pace m aTp hb ae\iBie tohkh? B npocTpaHCTBe? Ha nnocKOCTH huh Ha npavion? 
Ecnn b npocTpaHCTBe, to b KaKOM npocTpaHCTBe - b peantHOM huh b adcTpaKT- 
hom MaTcvtaTHHCCKOM npocTpaHCTBe? Tax KaK Ebkhhji onepupoBan rcoMCTpuHe- 
CKHMH nOCTpOeHIUIMH, TO npOCTpaHCTBO, OHCBH.TIIO, MBICUHTCa KaK a6cTpaKTHOe 
MaTCVtaTH'ICCKOC. Ho B a6CTpaKTHOM MaTCVtaTH'ICCKOM npocTpaHCTBe om mOHKU 
do ecxKou dpyeoii monm mookho npoeecmu npfmyio jiuhwo mojibuo onpedejieu- 
hou djiUHbi. Cnc/iOBaTcnBiio. ponomiHTcnBiiaa Hii(]x)p\iaiiHa «mojibKO onpede- 
jieHHOU djiUHbi» /lOJi/Kiia iipmiapnoKaTB TaK>Ke 3TO\iy 5Ke nocTyjiaTy. KpoMe 
toto, hto6bi pamiBiii nocTynaT CTan oona/iaTB cbohctbom caMoo'ieBH/iHOCiH 
(coraacHo onpcpcneiinio!), oh /ioji/Kcii 6bitb eme npoBepeH ohbithbim nyTeM 
nocpc/iCTBOvi onpepeneHHBix rcoMCTpHHCCKHX H3MepeffliH. /JonycTHM, hto mbi 
T aKHe i-nviepeniia npoBenn b HeKorapoM no/ioomi a6cTpaKTHoro viaTCMaTH'ic- 
ckoto npocTpaHCTBa - onpepenHB b peajiBHOM npocTpaHCTBe, rpe mbi iiaxo/iiivi- 
Cfl, /1BC TO'IKH H COC/1HIIHB HX IipaVIOH JIHHHCH (yCHOBHOH HUH peajIBHOH) C nO- 
MOIUBK) a6cOJIIOTHO IipaVIOH (MBICHHMOH HJIH aOCTpaKTIlOH) JIHHeHKH. npn 3TOM 

mbi nonaraeM, hto sth /ibc tohkh h coe/imiaiomaa hx ripaviaa viopenupyioT He- 
Koe a6cTpaKTHoe MaTeMaTHnecKoe npocTpaHCTBo c npcanBiiBiviH, He laBHcamn- 
mh ot cy6BeKTa n ot Bcex ORpyacaiomux Hac peanBHBix MaTepnanBHBix Ten 
CBOHCTBaMH, hto naimaa upaviaa ocTacTca Bcerpa adco.iKmio lipiiMoii h pac- 
CToaiiiic MC/Kpy TOHKaMH adco.iioiHO iich3mciiiibiimii. H pa>KC iiccMOTpa Ha to, 
hto Mo/icjinpycvtoc aocTpaKTiioc MaTeMaTHnecKoe npocTpaHCTBo b /ichctbh- 
TeJiBHOCTH iiaxoni-iTca Bee >Ke b peanBHOM npocTpaHCTBe b6hh3h MacciiBHoro 
rpaBHTiipyiomero Tena 3eMHH, ycTaHOBJieHHBie nocTynaTOM cavtooHCBuruiBic 
CBOHCTBa /inyx to'ick, cocnHiiaiomcii hx aoconioTiioH ripavioii h HeH3MeHHOM 
paccTOflHHii Me>Ky naiiiiBiMH TOHKaMH b HanieM aocTpaKTiiovi viaTeviaTH'iccKovi 
npocTpaHCTBe nocTynupyioTca Bccrpa oct aK)i hh vi hc a hch3mchhbimh. H 3 npime- 
pcniiBix nornnecKH CBaiamiBix paccyvKHcmiii imp no, hto nocTynnpoBaHiie cboh- 
CTBa /inyx to'ick h ripavroH, cocpi-iiiaioiiicH hx, npiiBamiBacTca Ebiothpom, no 
onpcpcneiiHio, toubko k aocTpaKTiioviy, hh ot Hero He laBHcamcviy h peanBHO 
He cymecTByiomeMy b pc ii ctb ht en b 11o ct h vtaTC viaT h 'icc ko viy npocTpaHCTBy, 
KOTopoe iipunyviaiio n bbcpcho caMHM 'icnoBCKovi-cyOBCKTOM KaK iicKOTopiaii 
3TanoH. Hcooxophmoctb BBcpenna «a6conioTHoro» iTanona pa a eyOBCKTa 6Bina 
BBi3BaHa ocTpoii hcooxophvioctbio penaTB TOHHBie cpaBHHTenBHBie HiMcpcima. 
H 3 pamiBix aorimccKH CBaiamiBix paccyacpeHHH bhpiio, hto eenn KpoMe OKpy- 
VKaioiiicro Hac peanBHoro npocTpaHCTBa b ii e nop bhvk noil OTHOCHTenBHO noBepx- 
hocth MacciiBHoro rpaBHTiipyiomero Tena 3eMnn cucTeMBi OTCHera, ponyCTHTB 
cymecTBOBaHiie eme ppyroro oKpyvKaiomero Hac peanBHoro npocTpaHCTBa , ho b 
HBH’/K yiHciica OTHOCHTenBHO noBepxHOCTH MaccHBHoro rpaBHTiipyiomero Tena 
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3eMHH cHCTeMe oicncTa, to nocTynnpyeMtie CBoilcTBa deyx mo<iei< u coedu- 
HHHnueii ux aGcojiroiiiHou npsiMOU u c onpedeneunou (hum oil ompe3Ka npn- 
mou Me.vcdy imuMU nuniKOMU aojdkhbi ocTaTtca, ohcbh.iiio, TaiDKe a6conioTHO 
H0H3M0HHLIMH H npH HaGnKVlCnilH HX H H3 .IBHAyiHCHCH CHCTCMbI OTCHCT3. 

3 to o,thii H 3 npiiMepoB ilocncnoBaTcnbiibix noniHecKiix paccyA/iennn. 
pacKpBiBaiomux cMbicn ii concpAannc nociynupycMoro Ebk,ih,iom ncxo/inoro 
noHHTiiJi - om ecxKoii rnonm do ecxKou momu mookho npoeecmu npmiyio jiu- 
mao, - ho npiiMOHeHHBix y>Ke /ura cnynan /inyx tohck h coc/innfliomcn hx npa- 
moh b peantHOM OKpyAaiomcM Hac npocTpaHCTBe. B kohchiiom chctc, Bee on- 
peneneHHH, aKCHOMbi, nocrynaTbi 11 t.,i., a TaioKe pa 3 niiHHbie ponoaniiTcaBiiBic 
MaTeMaTiinecKHe nocTpocima coi/iaioTca h cn o b c k o m- cy61>c kt o m hmohho aim 
toto, hto6bi b nanbncHmcM npn,iaTB hm cmbich onpc.icncnnon (jiniHHCCKoii Teo- 
pim aim oniicaHiui iBncnnii peanbHOH ,icii ctb men biioct n. /{aHHbie nornHCCKHC 
paC'CyA,lCniia. npilMOHIlTOJIBHO K H 3 BeCTHBIM (f)H 3 HHCCKHM TCOpHJIM. IICOAH/ian- 
ho npiiBemi Hac k BaAHOMy huh coBpeMeHHOH <])H 3 hkh cnc/iCTBnio, hto ncnont- 
3 yeMi>ie b nacToamcc Bpcvia bbibo/ibi CTO 06 h 3 mchchhh /uihiibi 0 Tpe 3 Ka npn- 
MOH B IIOKOHIHCHCH II B .IBHAyiHCHCH CHCTeMaX OTCHCTa npOTHBOpCHaT MCXO/1- 
hbim HanantHBiM nocTynaTaM ccTCCTBomannA Cnc/iOBaTCUBno, moaho yiice 
cncaaTB bbiboh, hto iicKOTopbic ocHOBonoiiaraiomHe yraep Anemia CTO co/iep- 
>KaT b ce6e KaKHe-TO ray6oico ohihGohhbic mcxo.wbic nonOAemiH (HanpiiMep, 
anpuopHtie bbibo/ibi o 6 a6conioTHO nycTOM npocTpaHCTBe, anpHopHtie bbibo/ibi 
O (J)H 3 HHeCKOH CHMMeTpHH CBOHCTB npOCTpaHCTBa IlOKOHIHCHCH H /IBHAyniCHCfl 
CHCTeM OTcneTa, o npiiMeffliMOCTH npnHunna othochtchbhocth b peantHOM 
npocTpaHCTBe), KOToptie He ymiTbiBaioT KaKHX-TO biaiibix (|)H 3 hhcckhx ycnoBini 
peantHoro npOCTpaHCTBa. 

PaccMOTpeHHBiH BBirne npiiMep nama/ino noKaiBiBacT, hto npn jho6bix 
T eopeTHHecKnx nocTpoeHHHx yHeHBiH-cy6i.eKT BBinyA/icn onepupoBaTt KaK 
6 ohbuihm KOJiHHecTBOM mcxo/hibix ocHOBononaraiomHM noJio>KeHHH, onpencnc- 
hhh, aKCHOM, nocTynaTOB, KOToptie oh BBiiiyvKvien bbo/ihtb caM, aocTpanipyucB 
OT peajIBHOCTH, TaK H 60HBIUHM KOJIHHeCTBOM HHCTO (f)H 3 HHCCKHX nOHHTHH, CBH- 
3 aHHBIX CO CBOHCTB 3 MH peajIBHBIX HaCTHP, lapfl/lOB, Ten H MaTepnantHBIX cpe,i, 
3 aKOHOMepHOCTHMH B 3 aHM0,1 CiiCTBII>1 H 3 CTHH H Ten B CT 3 THKC H B /IHIiaMHKC H 
t.h., b onucaHHH KOToptix HcrionBiy iotc a oriiTB ac, Kax aocTpaKTiiBiii MaTeMa- 
THHecKHH annapaT, Tax h BBC/ieniiBic hm hcxo/uibic aKCHOMaTHHecKHe rioimin n 
onpc.icneima. Tlpn nocTpoeHiin nonHoueHHOH (])hihhcckoh Teopnn hckhiohh- 
TenbHO Ba>KHO eme yHHTbiBaTb n ocHOBononaraiomHe hcxo/uibic noiunuji hiicto 
(]) iinoco(])CKoro xapaKTcpa. Tax hto nponccc nocTpoeniui mo6on (])hihhcckoh 
T eopnn - 3 to HCKnioHHTenbHo cnoAiiBiii TBopHCCKHti nponccc HenoBeKa- 
cy6beKTa. IlonHoiieHHOCTb cj)H 3 HHecKOH Teopim b Bna'inTcnBiion cTeneHH onpe- 
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penaeTCJi KaK oobcmom ncpBH'nioii HHcjiopMaHHH, KOTopon BnapccT yHciiBiii- 
cy6i.eKT, TaK h ero tbop'icckhmh chocooiiocthmh h opapcnnocTBio. 

KaK BiiflHO H3 paccMOTpeHHoro BBiinc, nponecc onpepenefflisi npaBHJibHoil h 
TOHHOH (JlOpMyUHpOBKH HaHajIBHBIX (j)H3HHeCKHX H (JlHJIOCOCjlCKHX HCXOPHBIX 
nono5KeHHH jiio6oh Tcopnii peilcTBHTeJibHO HBPneTC a, c op noil cTopoHti, Tpyp- 
hoh, a c ppyroil cTopoHbi, HCKJiioHHTeJibHO BavKiioii h aKTyajibHoil npoOJiCMoii. B 
nocncpiicc BpcviH npo6neMaM aKCHOMaTHKii b ecTecTB03HaHHn b otkpbitbix ny6- 
nHKaunHX ypePHCTCH HCKJiioHHTeJibHO Mano Bim\iaim?i. MCApy TeM KaK stoh 
npooacMC cnepoBano 6bi nocBimiTB oTpenbHyio KHiiry c peTanbHBiM pa36opoM 
cymecTBa copcpAanmi xoth 6bi ochobhbix ocHOBononaraiomHX noimnii h on- 
pepeneffliil. Ho TaK KaK pent paimoil KHiira hockojibko HHaa, to orpaiiH'iHMCH 
noKa tojtbko oKaTBiM H3H05KeHHeM Tpe6yeMbix pjih coBpeMeHHofi Tcopirn ocho- 
Bononaraiomnx hcxopiibix aKCHOM, ripimmmoB. nocTynaTOB. 

6. Bbisonbi, npiiMCHHMbic k peajibHOMy npocTpaHCTBy 

TaKHM o6pa30M, Ha ocHOBaHHH BBimeH3no>KeHHoro, moaho cpenaTb bbibop, 
hto ana OTpaAcnmi pcajmnoro npocTpaHCTBa cyorcKT BBinyApcnno coapacT, 
npcApc Bcero, cboio CHCTeMy hcxopiibix ocHOBononaraiomux norormH h onpe- 
peneHHH, cboio a6cTpaKTHyio MopePB opHopopHoro n hii ot Hero He 3aBHcpmero 
H3QTponHoro a6copiQTHO nycToro npocTpaHCTBa , HapeneHHoro MepHOCTtio h 
epHHHpeH PPHHBI, BBCPCIIIIBIX HM >Ke, B CBP3I1 C OCTpoil 2KH3HCHHOH ncooxopn- 
MOCTBK) HiMCpHTB. CPepOBaTePBHO, nOHUTHU KOOpjIIIiaTIiaH CHCTeMa o icie ia. 
McpnocTb npocTpancTBa h c ihhhiui ,[.'ihhi»i, KaK OTMenanocb vac Bbirne, hb- 
H5HOTCH 'IIICTO Cyfil.eKI HBHbIMH nOHHTHHMH. B OOBCKTHBIIOH >Ke pCHCTBHTCPB- 
HOCTH HeT HH KOOpPHIiaTIlBIX CHCTeM OTCHeTa, HH MepHOCTH npOCTpaHCTBa, HH 
ePHHIlU, PPHHBI, TaK KaK B CaMOH Iipupopc 3TH nOHUTHU caMH co6oil He oripepc- 
naeMbi. TeM 6onee b oGteKTiiBHoil pcil ctbhtcjtb 11 o cth HeT hhkpkhx h hcxopiibix 
oc11o bo nonaraioi hhx noimnii. KpoMe bbophmbix cpmhm pee cyOBCKTOM. 

J\na toto hto6bi H36e5KaTb HCKaAciiiiii b onucaHHH npoucccoii b pcajiBiioii 
peHCTBHTePBHOCTH, H36e5KaTb Cv6beKTHBHOCTH H (|)OpMaPI>HO-MaTeMaTHHeCKOH 
a6cTpaKTHOCTH B OTpaACHHH peHCTBHTePBHOCTH, Heo6xOPHMO nOCTOJIHHO noM- 
hhtb, hto Bee nocTpoeHiia cy6beKTa hocjit topbko BcnoMoraTePBHiJH xapaKTep 
h Hgo6xopHMbi TOPbico pjm Hero eaMoro. Ho eenii Teopmt coppagTCg hm tojtbko 
ana Hero opHoro , to OHa poppchbi 6bitb npepentHO npocTa h hochtb aScoJiiQT- 
HBiil He 3aBnoimnfi hh ot caMoro cv6beKTa. hh ot peanBHoi! pchctbhtcpbhqcth 
xapaKTep. Ecph Tcopmi coipacTca cy6i>eKTOM He topbko ana Hero opnoro. to 
CBOIO CHCTeMy HCXOPHBIX OC110 B O H OP a IPl IO III H X nOHUTHH II onpcpc-ricnilii eyOIiCKT 
ooman cmc cornacoBaTB TaioKe c aHanoniHHOH CHCTeMOH rioim nil ppynix aB- 
TopoB. Topbko b 3tom epynae cvobckt (rpynna cvobcktob) c mo act tohho one- 
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hhtb OTHOCHTentHO CBoero aGcTparapoBaHHoro Hincopna He Mcnfliomcrocfl h He 
ot qero He 3aBHCHmero naeanBHoro nycToro npocTpaHCTBa , hto npoiicxo/iHT b 
o k py> k aK)111c m ero (hx) n5\ieHne\ioM peajibHOM npocTpaHCTBe Ha jiio6bix 
ypOBIPIX /IHCKpCTIIOCTH H CTpyKTypBI ianO-infllOIHCH ero MaTepiiii. npiPICM. MH- 
HHMajiBHO ncooxo.iHMoii h ,iocTaTo l nioH MepHOCTBio npocTpaHCTBa b a6cTparn- 
poBaHHOH Mo/jene cy6BeKTa hbjijictcji Tpex KOop/praaTHas /jeicapTOBan cucTeMa 
HiMepeimiE KOTopan Jierico MO/KeT 6 bitb conocTaBJiena c jho6oh tohkoh peajiB- 
Horo npocTpaHCTBa. 

/],ajiee aHajioniHHBiM >Ke o6pa30M, KaK OTMenanocB y>Ke BBime, /pia OTpaace- 
hhh npopecca jbii>kciiiih MaTepiiii, BeipecTBa h MaTepnajibHbix Teji b peajiB- 
hom npocTpaHCTBe cvobckt bbo/iht cbok) cucTeMy He cyiiiccTByiomux b peanB- 
HOM MHpe a6cTpaKTHO OTBJieneHHBIX H ey6BeKTHBHBIX HCXO/HIBIX nOHJITHH e/lu¬ 
ll HH jBiPKeHHH. BBi6paB Han6onee no/pto/pmjee Bpamaiomcccn Teno 3a 3TanoH- 
Hoe h a6conioTH3HpoBaB ero Bpamcimc n p e /i n o jiovkc n h e m (3/jecb oco6eHHO one- 
bh/iho, hto pamiBic ocHOBononaraiomHe noHSTHa h onpc.icncnipi .tojivkiibi 6bitb 
oOHiaTcnBiio odium mh h /pia Bcex npyrax cy6beKTOB!), hto hhkhhhhoctb ero 
a6conioTHo noBTopnc\ia, cvdbckt bbo/iht nororme «e/inHnna ,TBH/Kennsi», ko- 
Topoe Ha3BaHo hm y>Ke KaK euiHima (kpheojimhchhoto) bpcmchh . Cnc/roBa- 
TeJiBHO, noHrae BpeMH , Mepiioe bpcmh ecTB TaKnce hhcto eyOBCKTHBiiBiil npo- 
ZiyKT HC-ITOBCKa, KOTOpBIH B o6beKTHBHOH ,TCMCTBHTCJTBII0CTM COOTBeTCTByeT 06- 
CKOHeHHOMy h 6e3MepHOMv aBHaceHHio . Cne/ioBaTenBHo, b peajiBHOH ,tcmctbii- 
TenBHocTH HHKaKoro BpcMcini h ero MepHOCTH npocTo He cymecTByeT, a ecTB 
TOJIBKO 6eCK0HeHHBIH MpOUCCC /TBH/KeHIia (Mace, Ten), nO/lHHHHIOIHHHCH 3aK0HaM 
npuHHHHo-cne/icTBeHHOH CBH3M. Tax Kax BpeMeHH peanBHo He cymecTByeT, to 
oDmcnpMiPiToc noBceMecTHo i-icnonbTycMoc onpcncneimc, hto \iaiepna cyme¬ 
cTByeT B npocTpaHCTBe H BO BpeMeHH, Cne/iyCT CHHTaTB HHCTO CyOBCKTHBIlblM 
onpe/TCJicnucM, MCVK/iy TeM Kax /uih o6b6kthbhoh omciikm cne/jOBano 6bi npa- 
BHJIBHO TOBOpHTB, HTO MaTepHH CVIHeCIBVei B npOCTpaHCTBe H B TBH/KeHHH. 
OcHOBononaraiomHe ncxo/iHBie noHams epejun, edunuua epeMenu, Mepuocmh 
epeMenu, aHaJioniHHO Kax h Bee apyrae Hy/KHBie /pia OTpa/KciiiPi peajiBHOH /rcii- 
CTBHTeJIBHOCTH aKCHOMaTHHeCKHe HCXO/IHBie nOHJITIW eCTeCTB03HaHIM, Heo6xo- 
/IHMOCTB KOTOpBIX 6BIJia OTKpBITO TanB/ieiia CIIIC B CBOe BpCMH EbKHH/TOM, TaiOKe 
npc.TCTaBnaioT co6oh hhcto cvobckthbiibic a6cTpaKTH0-MaTeMaTHHecKHe no- 

CTpOCMIPI. 

To >Ke caMoe, aHajiorHHHO BBiiuecKa3aHH0My, /iojdkho 6bitb c/icnaiio cyOB- 
eKTOM H C BBC.TCMMCM Onpe/TeJieHIlH H HOimi-IM MepHOCTH MaTepHH HUH MepHO¬ 
CTH peanBHo omyTHMOH ee (JiopMBi b bh/ic BciiiccTBa. nyTeM bbc,tcmiiji cvdbck- 
thbhoto nofflTHii Maccbi Kax HeKoero 3KBHBaneHTa KO/iH'ieciBa BeipecTBa, 
OnpC.TCnHB ero nOCpC/lCTBOM H3MepeHHIl IICKOTOpBIX OOBCKTHBMbLX (jlHWICCKHX 
napaMeTpoB, Taxnx Kax CHJia h ycKopeHHe. Ho npHMeHHTeJiBHO k noimnio 
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Mamepun mbi, npevK/ic Bcero, /ioh/Kiibi ,wb eme ([mnocoijicKoc onpenenemie 
nofflTM caMOH MaTcpmi KaK oobckthbhoh peajiBHOCTH, cymecTByiomeH bhg h 
H e3aBHcnMO ot Hamero comanna h t./i. KpoMe Toro, nojiaaio 6bitb piano hctkoc 
onpe/icnennc, hto oobckthbiioc OTpaacemie peantHOH tchctbhtctbiiocth MoaceT 

OCHOBBIBaTBCa TOJIBKO Ha M HT C p H ajl H C T H H C C K H X npCTCTaBJICIlHH HTO MaTepiia 
nepBHHHa, a co3HaHHe btophhho. 

CornacHo coBpeMeHHtiM npcTCTaBJicnnaM cnmaeTca, hto Macca KaK cJ)H3H- 
necKaa KOJiHHCCTBCimaa xapaKTepucraKa MaTepmi h KOHKpeTHoro peanBHoro 
BemecTBa aBjiaeTca viepon on no Bp c mc n no TaKHX HiviepaeviBix ee xapaKTcpn- 
cthk, KaK i paBH iaHHOHHhie h iiiicpmioinibic CBOHCTBa. CnenoBaTenBHO, kojih- 
necTBemiaa xapaKTepucraKa Maccbi CTaBHTca b npaMoe cootbotctbho c kojihho- 

CTBOHHBIMH XapaKTepHCTHKaMH ee rpaBHiaHHOHHBIX H HHepUllOHHblX 
cbohctb, ana HiMcpcnna kotopbix TaKam iicooxo/ihmo bbctciimc cucTeMBi onpe- 
nencnnBix hcxotiibix norormH. Ho ecnn eme ynecTB nononnnTcnbnyio hhcto 
cJ)H3HHecKyK) nn(])opMannio, hto KpoMe rpaBUTannonnon h nncpnnonnon Mac- 
cbi, peanBHo cymecTByioT eme DJieKipoxiai HHiiian Macca h «CKpbiTaa Macca», 
to riponccc onpcTCJicmia MepHoera MaTepmi ran peanBHoro BemecTBa nyTeM 
BBcnenna rioimnn Maccbi OKamiBaeTca TajieKO He npocTBiM tctom, KOTopoe 
Tpe6yeT MHoroHHcneHHBix nononnennii h yTOHHeHini. Tpeoyeica toiiojiiihtctb- 
naa nmfiopManHa o cj)H3HHecKHX cbohctb ax MaTepim peanBHoro BemecTBa h 
pa3HBIX TIinOB MaCCBI H HX rpaBHTaHHOHHBIX H HHepHHOHHBIX CBOHCTB3X. 

Haynaa aBnemia b OKpyacaromen Hac tchctbhtcjibiiocth, hcjiobck oOHapy- 
acnii, KaK oTMeneHo 6bijio yace BBime, hto MexaHHHecKne aBJiemia ociaioTca He- 
H3MeHHBiMH b TBiiacymiixca oTHocHTenBHo npyr npyra paBHOMepHo h ii pavion h- 
HeHHO 33MKHyTBIX (llJIH MBICJieHHO JIOKajIBHO pa3,HeJieHHBIx) HHepHHajIBHBIX CHC- 
TeMax OTcneTa (KOHemio, btccb onaTB ace ncooxonnvio tttb neTKoe onpcnenc- 
HHe BeeM hcxothbim noHaraaM, t3khm KaK cucmeMbi omcnema, cpiaimecKau 
3K6U6ajieH,mHocmb deuoKymuxcn omnocumejibHO dpyz dpyza cucmeM omcnema, 
a 6 cmpaKnmoe MameMammecKoe nycmoe npocmpancmeo, nycmoe pecuibnoe 
npocmpancmeo, peamnoe npocmpancmeo c nenpepbienou MamepucuibHou cpe- 
dou, imepifiiajibHbie u ne unepiyuonnue cucmeMbi onmema npimemimejibHO k 
peajibHoii deucmeumejibuocmu u ocnoenuM ucxodubiM KimeMammecKim nom- 
muHM [2-10, 35-38]). HenpaBOMepHo o6o6mnB 3 th aBJiemia Ha Bee ypoBHH He- 
oea3aeMOH MaTepim (b oca3aeMoii pjaace Boi/iymnon MaTepnajiBHoii cpenc, Ha- 
npiiMep, MexaHHHecKiie aBJieHiia b HHepmiajiBHBix encTeMax otchct3, b o6meM, 
He ocTaioTca HeH3MeHHBiMii), eyOBCKT BBo.iHT, KaK oTMenanocB yace BBime, 
oninoonnoe nexomioc nonarne (bvHflaMeHTajibHoro dnoHiecKoro iipiiHmina 
OTiiocHTe.ibHQCTii. H, KaK cjtc/ictbhc, Ha ypoBHe Heoca3aeMoii paHee hcjiobc- 
kom cpenbi t[)H3HHecKoro BaKWMa , ho OKcnepiiMeHTajiBHO oonapyacHBacvion 
yace b HacToamee BpeMa, npiiHunn OTHOCHTeaBHOCTH OKa3anea HenpiiMeHHMBiM, 
npiiBcna eoBpeMeHHyio c|)H3HKy k TOMy TymiKy, kotopbih cymecTByeT b Ha- 
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ctohiiicc BpeMfl. Boo6me to, b (])H3hhcckoc noHJiTue iipiiHumia oinocnie,iiBno- 
cth, KaK OTMenanoct yace BBirne, BxonaT abb ocHOBononaraiomHX yiBcpacneniia, 
(j)ynnaMciiTanBiiaa 3HannM0CTB KOToptix cymecTBeHHO pa3JiHHHa (noBTopefflie- 
MaTB yiicir iijt!). 

IlepBoe yTBepat^eHHe iipiiHiiinia othochtcjibhocth rnaeiiT, hto Bee nB- 

JieHIM MeXaHHKH, KBaHTOBOH MeXaHHKH, OIITHKH, 3ACKTpOA H11aMIIK H OCTaiOTCa 
HeH3MeHHBIMH B HHepUHajIBHBIX CHCTOMaX OTCHCTa. <Dy 11,1 aMCUTan bI IOC Ilia'IC- 
HHe 3Toro iipiiiimina, ao ypoBHJi niiCKpcTiioii cpaiBi ([iHiH'iccKoro BaKyyMa 
BKJIIOHHTeJIBHO, OCTaCTCa CnpaB C,1 JTIIB BIM TOUBKO Ana (})H3HHCCKH I10JIH0CTBK) 
3KBHBaHeHTHBIX peajIBHBIX KaK HHeppHaJIBHBIX, TaK H He HHepUHajIBHBIX CHCTeM 
OTC'ICTa. TaKHMH CHCTeMaMH OTC'ICTa B peajIBHOH AeHCTBHTeUBHOCTH, nOBTOpHM 
eme pa3 Ann iianoMHiiaima. nBnnioTcn chctcmbi OTC'ICTa, cBaiamiBic c noBepx- 
hoctbk) npocTpaHCTBeHHo yAaneHHBix npyr ot /ipyra onwiaKOBBix MaccuBHBix 
rpaBiiTiipyroimix Ten. HanpuMep, cucTeMa OTCHera, cBaiaimaa c noBepxHOCTBio 
MacciiBHoro rpaBHTupyiomero Tena 3 cm.th, h npuMepHO 3KBHBancm naa cucTeMa 
OTC'ICTa, CBaiaimaa c noBepxHOCTBio MacciiBHoro rpaBHTupyiomero Tena Mapca, 
MO>KHO CHHTaTB npaKTHHCCKH (})H3HHCCKH 3KBIIBanCIITIIBIMII CHCTeMaMH OTC'ICTa, 
b KOTopBix nepBoe yTBcpvKAcniie npnHunna OTHOCHTenBHOCTH ocTacTCH cnpa- 
BeAnHBBIM. Ho 3T0 npHMep TOnBKO 'iaCTH'IIlO (})H3HHCCKH 3KBHBaneHTHBIX CHC¬ 
TeM OTC'ICTa, \ic>K,Ty TeM KaK cymecTBOBaHHe HAeanBHBix SKBiiBanciiTiiwx chc- 
tcm OTC'ICTa ManoBeponTHO. B painiBix SKBiiBanciiTiiwx ycnOBunx KaK B03pyx 
(aTNiocificpa), TaK h 6onee MenKaa cpcna (jmniHCCKoro BaKyyMa Ha noBepxHOCTH 
rpaBUTupyiomux Ten nonHOCTBio ynncKaioTcn jthmh TenaMH h oynyT iKBHBa- 
neHTHBi nonHOCTBio 3aMKHymM CHCTeMaM OTC'ICTa, yBneKaiomHX c co6oh MaTe- 
piiiLirbiiyio cpeny. Oihh6kh A. AiiiiniTciiiia 3aKm0Hai0Tca b tom, hto bo Bcex 

CBOHX MBICneHHBIX 3KCnepHMCHTaX C riOKOHIHHMHCII II C ABH'/KyillHMHCfl CHCTe¬ 
MaMH OTHeTa b CTO, oh miKor/ia He CBHiBiBan hx c rpaBHTaiinoiiiiBi\in nonaMH 
II rpaBHTIipyiOmHMH TenaMH, C KOTOpBIMH npaKTHHeCKH ripHXO/HITCH HMeTB ncno 
b noBceAHeBHOH peanBHOH aciictbhtcjibiiocth. A. Oiiiinrreiiii TaK h He cmot yc- 
TaHOBHTB HanHHHH ACHCTBHTCnBIlOH (j)H3HHeCK0H CBH3H MC/K.Ty 3nC KTp0 Ma T11HT- 
HBIMII H rpaBHTailHOIlUBIMH IIOnUMH. lloiTOMy npHMCHHTenBHO K yCnOBHHM Ha 
noBepxHOCTH 3eMnn, b cbohx MBicneHHBix 3Kcnepn\ieiiTax He Biipen cymecT- 
BeHHOTO OTnHHHS MC/K'ny CHCTeMOH OTCHCTa CBHiaimoil c nOBepXHOCTBK) Mac- 
cuBHoro rpaBHTupyiomero Tena 3eMnH h ABiivKymciica oTHocHTenBHo ee paBHo- 
MepHo h npHMoniiiiciiiio h cBaiaimoii TonBKo c KoopnimaTiioii chctcmoh h a6- 
CTpaKTHBiM iraomonaTcncM. 

BTopoe yiBep/K,ieHne iipiiiiiiiiiia oniocmejiBHOCiH rnaeiiT, hto ypaBHe- 
Hlia MeXaHHKH, KBaHTOBOH MeXaHHKH, OIITHKH II 3nCKTpOAHIU1MHKH OCTaiOTCa 
HeH3MeHHBiMH Ana ABiivKymiixca OTHocHTenBHo Apyr Apyra HHepmianBHBix chc- 
TeM OTcneTa. K covKancimio, b peanBHOM OKpyvKaiomcM Hae npocTpaHCTBe, KaK 
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OTMenanoct y>Ke BBirne, hh o,ma TO'iKa npocTpaHCTBa cpc/iw <])H 3 H l iccKoro Ba¬ 
KyyMa He MOaCeT 6i>ITB B (])H 3 HHCCKH 3 KBHBajieHTHBIX yCIIOBHJIX 0,11 lOBpCMCII IIO B 
noKoamenca h nBHAymeiica oTHocirrejiBHo Hee KaK imepiiiianBiio, TaK h He- 
HHepHHantHO cucTeMax OTCHCTa. Ilo 3 TOMy b peajiBHOM OKpy>KaiomeM Hac npo- 
CTpaHCTBe, npn nonymeimii cymecTBOBanun b Hen nioooii (])op\tBi ncnpcpBiBiioil 
MaTepnajiBHOH cpc.iBi, BTopoc VTBCP/Kjemic ii nmmuna oTiiocHTe-ibiiocTH 
HBJiaeTCH BQoSiue He npHMeHHMbiM hh b on noil to'ikc peantHoro npocTpaHCT- 
Ba h stot npnHunn nHuieH KaKoro-nnGo (}) y1 1/1 a mc i man b ii o ro concpAaima. BBe- 
nefflie (|) y 1 13 a m c 1 it an b n o ro noHaTHa HHBapnaHTHOCTH ypaBiieimii b cJ)H 3 HKe b 
nonHOM nunc OKa 3 aJiocB bo3mo>khbim nocne Toro, Kor.na 6BiJia npHrorra KOHuen- 
mia SHHHiTeHHa - nojiHOCTBio OTKaiaTBca ot cymccTBOBaima b npocTpaHCTBe 
jik)6oh MaTepnajiBHOH cpeABi- 3 (J)Hpa. Mmciiiio ana a6coniOTHO nycToro npo- 
CTpaHCTBa, b OTcyTCTBiie rpaBUTupyiomux Ten, yTBcp Anemic 06 HHBapnaHTHO- 
CTH ypaBHeHHH MeXaHHKH H 3-1 C KTpO.l H 1 1 a M H K II OKaiBIBaCTCH 3 01 1V C T H M BIM . OA“ 
HaKO nonBiTKH nepeHoca cnc.ncTBiiii TaKOH Teopnn Ha peanBHoe npocTpaHCTBO 
npuBonuT, KaK H3BecTHo, k Hepa3peuiHMBiM napapoKcaM. Ohih6ohhoctb iicxo.n- 
hoto nonanna, anpuopHO BBC/icnnoro A. Ohiiiiitchiiom b ero Teopnn othoch- 
TeJiBHOCTH, npHBeno k rpyoeiiiiiHM ohih6ohhbim cnencTBiiaM ero Teopnn npiiMe- 
HHTeJiBHO k peanBHOMy OKpyacaiomeMy Hac npocTpaHCTBy rpaBimaiiHOimoro 
nona h (jiHiii'iccKoro BaKyyMa. 3 to o.nwi H3 iiamnniiBix npHMepoB, KaK ouih- 
6ohho c(])op\iynnpoBann bic hcxo.iiibic a k c h o m a t mi c c k h c nonoAcmia Teopnn 
npiiBonaT k rpy6BiM omn6KaM Been Teopnn b ucjiom. 

npe/piaraeMaa iihac HOBaa 3neKTpo\iarmmiian Teopua .inn peanBHoro oko- 
no3eMHoro npocTpaHCTBa rpaBHTaHHOHHoro nona h (])H3miccKoro BaKyyMa TaK- 
ace nonAiia ocHOBBiBaTBca Ha cucTeMe cbohx ocHOBononaraiomHX iicxonimix 
onpencnemiii, rionoaccmiii, aKCHOM h nocTynaTOB, KOTopBie nonacHBi naxoniiTB- 
ca, C O.HHOH CTOpOHBI, B COOTBeTCTBHH C VAC H3BeCTHBIMH (fiaKTaMH, a, C ,ip>TOH 
CTopoHBi, ynuTBiBaa ouih6kh iipcnmccTByioiHHx Teopiin, b hhx nonacHBi 6 bitb 
BH eceHBi hcooxo/ihmbic nononiiemia h H3MeHeHna. B nepBOH rnaBe npc.iBipy- 
mcii 'iacTH pa6oTBi 'iacTH'ino yace roBopnnocB o iicooxo/ihmocth H3MeHeHHH 
pan a ocHOBononaraiomHX ouih6ohhbix hcxohhbix nonoAcmiii CTO h OTO (o 
B 3aHMHOH o6pamaeMOCTH MaccBi h 3HeprHH, o nyanimic «HacTHi|a-Boniia», 11 c- 
KpiiBJieHHa npocTpaHCTBa h t.h. h T.n.), a TaKace HeKOTopBix ohih6ohhbix ocho- 
BononaraiomHX cJjhhococJjckhx h (J)H3HHecKHX noHaTHH, to cnenyiomaa rnaBa h 
cncnyionmc nacTH pa6oTBi oy.nyT nocBameHBi yace aiianmy toubko sneKTpoMar- 
hhthbix aBJieHHH h aHanH3y npTHBopc'mii h napa.no kcob coBpeMeHHOH nneKTpo- 
nHHaMHKH. /],ajiBHeHHiHe H3MeHeHiia h nononiiemia hcxohhbix iionoAemiii h 
KOH uenmiH hoboh (jimmiccKoii Teopnn 6ynyr npoBoniiTBca no Mepe H3noaceHna 
Bcero TeopeTHnecKoro h 3 k c n e p h m c i man b i io ro MaTepnana h iioaBnemia hobbix 

(})H3HHCCKHX (jiaKTOB H HOBBIX (jlllimiCCKHX aBJieHHH. 
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Tjiaea 2. 3JIEKTPOMAEHHTHLIE CBOHCTBA CPE^LI 
OH3HHECKOrO BAKYYMA 

1. OrpaHHHeHHOCTb H3BeCTHbIX npeaCTaBJieHHH 0 CBOHCTBaX 
peajibHoro npocTpaHCTBa 

Muonic cnopHbie Bonpocti b onTHKe n 3ne KTp on h na miikc nycToro npo- 
CTpaHCTBa CTO h o6meKOBapnaHTHoro npocTpaHCTBa OTO ocTaioToi /io Ha- 
CToamero BpeMeHH Hepa3pemeHHbiMii. llpincM, ocnoBiiaa npiiHima noflBneHHH 
b onTHKe n b sne kt po n h na mh k c pa3Horo po/ia ripoTHBopcmil h napa,TOKCOB KaK 
pa3 h o6ycnoBneHa TeM, hto peammoe npoeipaHCTBo b sthx Teopmix 6 tino no/i- 
MeHeHO HeKHM a6cTpaKTHBIM MaTCMaTH'ICCKHM npOCTpaHCTBOM. O/lIiaKO, KOT^a 
ireooxo/iHMOcTB /lonymeiiini cyniecTBOBaima b peanBHOM npocTpaHCTBe \iaTcpii- 
anbHon cpe/iBi (scjmpa, (|)H3HHCCKoro BaKyyMa) CTana ynce oneBiinHOH, to HeKO- 
Toptie nocneaoBaTenn SHHUiTeiiHOBCKiix Teoprai (HacTontKO cnnbHa 6biJia nx 
npnBep>KeHHocTB!) ntiTanncb niiniHTB 3Ty cpe/iy, npcAvie Bcero, ee ochobhoto 

CBOHCTBa - OBITB npeHMymeCTBeHHOH (})H3HHCCKOH CHCTeMOH OTCHCTa. KpOMe 
toto, KaK caM A.OHHnrreHH, TaK h ero nocne^OBaTenn ynopHO npofloiDKajin nr- 
HopupoBaTB pout caMoro rpaBHTannoHHoro nona MaccuBHoro rpaBHTupyiomero 
Tena 3 cmjiii Ha MexaiiHHCCKHC h 3ne kt po m a n i h t 11 bic hbjiciiihi b OKono3eMHOM 
npocTpaHCTBe b iiokohihhxch h b .TBiivKymiixcn cucTeMax OTCHCTa. H 3 aHajiH3a 
>Ke pe3yJIBTaTOB pa3nHHHBIX Ha6jTFO/ieHHH B oSnaCTH OnTHKH H 3-3CKTpo,THIIaMII- 
kh b yenoBiiax peanbHoro OKono3eMHoro npocTpaHCTBa ycTaiioBJiciio [1, 2], hto 
OCHOBHO e CBOHCTBO CpC/lBI (J)H3HHeCKOrO BaKyyMa - OBITB npeHMymeCTBeHHOH 
CHCTeMOH OTcneTa jijul jho6bix onTHHecKHX aBJieHHH b6hh3h noBepxHOCTH rpa- 
BHTHpyiomero Tena 3 cmjih - ooycnoBJieiio /iciictbhcm Ha c|)H3HHecKHH BaKyyM, 
npc>K,TC Bcero, npeoona/iaiomcro no cboch BemiHime (no cpaBHeHHio c thoGbimh 
npyrHMH 6nn>KaHHiHMH TenaMH) MaecHBHoro rpaBHTupyiomero Tena 3eMnn. 

KaK noKa3BiBaioT npoBC/icmiBic iiccnc/iOBaiiiifl [3-5], aHanoniHHaa nee, b 
npn6nH>KeHHH VIC, aeiiMMCTp hxt o 611 apy> khb a ct cn h npn paccMOTpeHiin mo6bix 
3ncKTp 11 'iec k 11 x h MarHHTHBix h bitch nil b iioKOJimciicH h b mo6oii HBiincymciicH 
(BpamaiomeiicH) otiiociitchbiio noBepxHOCTH 3c\tnH cucTeMax OTCHCTa. Hanpn- 
Mep, b TaK na3BiBacM0\i napa.TOKce 3apn>Kciiiioro aficpiiHCCKoro KoimciicaTopa 
[3], Bee 3ncKTp 11 h cc k oc none cocpenoTOHcno BHyTpn ct])cpnHccKoro Kounciica- 
Topa. KaK TeoperaHecKH, TaK n 3 k c n e p h m e 1 it a n b 11 o movkiio noKasaTB, hto ccmi b 
npocTpaHCTBe BHe ccJicpBi KoimciicaTopa, 171c sneRTpimecKoe none E tovk/icct- 
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bghho paBHO HyjiK), nanaTB .iBHraTb (huh BpamaTB) npn6op, perncTpupyiomHH 
MarHHTHoe none, to HHKaKoro MarHHTHoro noun b cncTeMe npn6opa, ecTecT- 
BeHHO, perncTpupoBaTBcn He oyncT. B to >kc Bpcvin. ecnn perHCTpupyiomHH 
npn6op ocTaBHTB b noKoe b ncno.TBHVKiioH naoopaTopnon cncTeMe OTCHCTa, a 
BpamaTB caM 3apn>KcimBiH c(J»epHHecKHH Kon/icncaTop. to npn6op oy/icT pera- 
CTpupoBaTB coneHOH^antHoe MarHHTHoe none ot kohbckijhohhbix tokob 3apn- 
vKcniioro KoimciicaTopa. TaK KaK ohh 6yayr npcncTaBnnTB co6oh 3a\iKnyTBic 
KOnBUCBBIC TOKH. 

OcHOBBiBanct Ha o6napync hb ac moh acuMMeTpun aneKTpiiHecKHX h MarHHT- 
hbix nBneHun ot noKonmiixcn h Bpamaiomnxcn oTiiocHTcnBiio noBepxHocTH 
3eMnn tokobbix cncTeM [3, 4], aBTopoM 6Bino npcnno>K'cno ycTponcTBo, nBnnio- 
ipeecn oneKTpo a hii a mh h cc k hm aHanoroM ornn'iccKoro rupocKona. IIononcH- 
TenBHBie pe3ynBTaTBi pa6oTBi ycrpoHCTBa nonHocTBio no/iTBep/iHnn accHMeTpuio 
aneKTpoMarHHTHBix cbohctb noKonmencn h Bpamaiomencn chctcm OTCHCTa h Ha 
ycTponcTBo 6Bino nonyncno aBTopcKoe cbh/ictciibctbo [6]. KpoMe toto, otoh- 
nne 3aKOHOB 3neKTpoMarHeTH3Ma b noKonmencn h mo6on nBuncymencn othoch- 
TenBHO noBepxHocTH 3eMnn CHCTeMax OTCHCTa o6napyncn b a ctc a h npn uccncno- 
b3hhh 3(|)(|)eKTa Xonna b noKonmuxcn h nBuneymuxcn oTHocnTenBHo noBepxHo- 
cth 3eMnn upoBoniiHKax [5]. /Janoc HBncimc 6Bino ncnonB30BaHO aBTopoM b 
ycTpoHCTBe ana onpeaeneHiin ckopocth, nonBunciiocTH h 3Haica HocnTenen Toica 
b npoBOflHHKe [7]. AHanorHHHBie pe3ynBTaTBi 3aBHCHMOCTH 3(j)(|)eKTa Xonna ot 
/ibm/Kciihh npoBoniiHKOB OTHocnTenBHo noBepxHocTH 3eMnn nonyneHBi Taxnce b 
pa6oTe [8], 

Ananorii'niBic oraiiHiin 3aKOHOB 3neKTpoMarHeTH3Ma b iioKonmciicn h b 
,TBH>K ymeHcn CHCTeMax OTcneTa naomo/iaioTcsi h npn TeopeTHHecKOM aHanH3e 
HBneHnn i-mnyKHHn Toica b npoBo/niHKc npn oTHocnTenBHOM nepeMemeHnn npo- 
BonHHKa nnn npoTn'/Kcimoro nnocKoro MarHHTa. Ecnn npn ,tbh>kciihh ripoBon- 
HHKa b MarHHTHOM none npoTJDKeHHoro nnocKoro MarHHTa nBneiiHC Hn/iyKiiHH 
TOKa b ripoBonnHKc nBnncTcn ohcbh.thbim, to npn noKonmcMcn npoBo/innKc h 
.TB uncymcMcn npoTHVKcimoM MarHHTe Hii/iyKnun Toxa b iicho/ibhvkiiom npoBo/i- 
HHKe y>Ke He mnneTcn ohcbh.tiioh, Tax KaK He nBJiaeTcn oneBH^HBiM, hto BMecTe 
c MarHHTOM yBncKacTcn h CBnaaimoe c hhm MarHHTHoe none. TeopeTHHecKini 
aHanH3 stoto nBnefflin npHMeHHTenBHO k npoTHVKCimoMy MarHHTy b bh,tc npn- 
MoyronBHoro KOHTypa c SKBHBaneHTHBiM tokom noKa3BiBaeT [3-5], hto noriy- 
meHne yBncHCime MarHHTHoro nonn npnMoyronBHBiM nporanceHHBiM MarHHTOM 
3KBHBaneHTHO nonymcniin yBnc'icimn MarHHTHoro non a nn6o TonBKO onunvin 
HOHaMH, nn6o TonBKO o^hhmh oncKTponaMH npo b on hmocth npoBonnnKa. Ocho- 
BBiBancB nee Ha peanBHO o6napy> k n b ac m oii cHMMeTpun cj)H3HHecKHX cbohctb 
OT pnu,aTenBHBix h nononcHTenBHBix 3neKTpHHCCKHX aapnnoB, a Taicnce nonHon 
3KBHBaneHTHOCTH MarHHTHoro non a ot iapnnon pa3Horo Biiaxa, nonymenne yB- 
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neHefflia MarHHTHoro nona toubko HOHaMH huh toubko sneKTpoHaMH ct3bht non 
COMHeHHJI CBOHCTBO CHMMCTpHH n0H05KHTeHBH0r0 H OTpHUaTeJIBHO 3JieKTpHHe- 
CKoro 3apana, hto ncnonycTHMO. 

Han6onee narnanno stot 3c}x})ckt MoaceT 6 bitb npoaHajiH3HpoB3H Ha aneK- 
TpoflHHaMHHecKOM aHanore rencpaTopa ®apanea, ecnn MarHHTHoe none Bpa- 
inaiomcroca iinnHiinpHnecKoro MarHHTa reHepaTopa 3aMeHHTb Ha iKBHBanenT- 
Hoe MarHHTHoe none tokoboto Kontpa. B stom cnynae nonymenne Bpamcima 
MarHHTHoro nona npn BpameHim tokoboto Kontpa 3KBHBancm no nonymcnmo 
yBnc'icima ero TontKO hohhoh pemeTKOH ripoBonnHKa. HanpuMep, ecnn hoh- 
Hyio pemeTKy tokoboto Kontpa BpamaTB b HanpaBneHHH npoTHBononoacHOM 
PBHnceHna ancKTponoB npoBoniiMocra b npoBoniiHKC h c anajiornnnoii ace cko- 
pocTbio, to MarHHTHoe none TOKa Kontpa b naoopaTopnoii cncTeMe oyncT o6y- 
cnoBneHO TonbKO hohhbim tokom Kontpa, TaK KaK sncKTpoiiBi npoBom-iMOCTH 
Kontpa 6ynyr naxonuTBca b epeniiCM b coctoshimm noKoa. Ecnn b stom cnynae 
M3iia l ianBiio nonycTHTB. hto MarHHTHoe none oblto cornano TontKO hohhbim 
tokom, npn HenopBHncHBix OTHOCHTenBHO naoopaTopnoii cncTeMBi OTCHCTa 
sncKTponax HociiTenax ripoBomiHKa, to MoacHO npnpTH k o6paTHOMy 3aKni0He- 
hhk), hto MarHHTHoe none yBneKaeTca yace TonBKO ancKTponaMn npoBonnMOCTH 
npoBoniiHKa. 

H3BecTHa h TaioKe He pa3pemeHa no HacToaipero BpeMeHH napanoKcanBHaa 
CHTyauna c aBneHneM yminonapHOH HnnyKiinH. /Jo HacToaipero BpeMeHH He 
pa3pemeHa napanoKcanBHaa CHTyamia c onpcncneniicM noKanH3aHHH MecTa, rne 
HHaymipyeTca 3ncKTpn n ec k nii tok b reHepaTope npn BpamaiomoMca MarHHTe: 
bo BHeniHeM noKoaipeMca npoBonmiKc nnn b caMOM BpamaiomcMca MarHHTe. C 
n03HHHH H3BeCTHOH B (j)H3HKe CHMMeTpHH CBOHCTB riOnOVKHTCnBIIOrO H OTpHIia- 

TenBHoro sneRTpunecKoro iapma TenepB onnornanno movkiio 3aKnioHHTB, hto 
3/JC HHayunpyeTca TonBKO b Tene Bpaipaiomerocn MeTannHHecKoro MarHHTa. 
Bee riapa/ioKCBi c yHiinonapHBiM reHepaTopoM n motopom [9] ypaeTca pa3pe- 
ihhtb TonBKO c yneTOM hobbix npcncTaBncimii o cymecTBOBaHHH y nBiiacyipero- 
ca 3neKTpHHecKoro 3apapa ,tbvx TiinoB MarHHTHBix noneii: BeKTopHoro h CKa- 
napHoro n ,tbvx bh.tob MarHHTHoro b 3 a h m one ii ct b ha : nonepeHHoro n npononB- 
hoto. KaK sto He crpaHHO, ho nepBBiii npocTeHuinii incKTp hh cc km ii yminonap- 
hbih motop Oapanea, KaK noKa3ann nanBHeiimHe HccnenoBamin, pa6oTaeT TonB- 
ko Ha ocHOBe ManoH3BecTHoii b HacToaipee BpeMa npononBiioii MarHHTHoii cnnBi 
n ManoH3BecTHoro cine aBneHna npononBiioro MarHHTHoro BBanMonciicTBnn. 
XoTa h 3 HCTopiin H3BecTHo, hto cine AMnep BnepBBie 3KcnepHMeHTanBHo o6Ha- 
pyacnn aBneHHe npononBiioro MarHHTHoro B3aHMoneiicTBHa n nan eMy aHaniiTH- 
necKoe o6ocHOBaHHe, onHaKO HayHHBiii Miip He npHHan Torna stoto OTKpBima 
yneHoro. /Jna CTonB cepBe3HBix H3MeHeHnii b (})H3hkc Tpe6oBanHCB 6onee ray- 
6oKne o 61 nc (])h i n i icc k nc o6ocHOBaHna. 
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CBOHCTBa (})H3HHCCKoro BaKyyMa b6hh3h noBepxHOCTH MaccHBHoro rpaBH- 
Tupyiomero Tena 3 cmjih ii b OKono3eMHOM npocTpaHCTBe OKa3anncb TaKOBbi, hto 
b npocTpaHCTBe okoho noKoameroca othochtgubho noBepxHOCTH 3eMnn sneK- 
TpunecKoro iapa/ui i-m/iyunpycTca toubko o/hio sneRTpimecKoe none, BHe 3aBH- 
chmocth ot coctohhhh noKoa huh .iBiivK'diiii-i pcrucTpupyioincro npn6opa, Macca 
KOToporo hiihtohcho Mana no cpaBHemno c Maccon 3 cmhh. IIosTOMy cocToaimc 
noKoa n npn6opa okoho japan a (nnn cyObe KTa-1 raonionaTcna) He on- 

pe.ienjICT CBOHCTBa epCHBI (])H3HHCCKOrO BaKyyMa. llpH .TBH/KCIIMM >Ke 3JieKTpH- 
necKoro sapana OTHOCHTenbHO noBepxHOCTH MaccHBHoro rpaBHTupyiomero Tena 
3eMnn, b npocTpaHCTBe okoho aapana, noMHMO H3MeHeHHoro sneRTpunecKoro 
nona, b paMKax oomeripinmBix npcncTaBnciiHH, i-mnyunpyiOTca cine n MamnT- 
iibic nona (npnneM ,tbvx TnnoB), BHe 3aBHCHMOCTH ot cocToaHna noKoa nnn 
HBHVKCima perncTpupyiomero npn6opa. Ananorn'inaa acHMMeTpua oonapyvKH- 
BaeTca h nna MexaHHnecKiix, KBaHTOBbix h npyrux aBneHini b (})H3H'icckom Ba- 
KyyMe peanbHoro npocTpaHCTBa B6nH3H noBepxHOCTH MaccHBHoro rpaBHTii- 
pyiomero Tena 3 cmhh. 


2. K Bonpocy 06 3KcnepHMeHTa.JibH0M o6ocnoBaHini iipiiiiuima 
OTHOCHTeJIbHOCTH 
(1974 r.) 

Eonee nonyBCKa npornno c toto BpeMeHH, Korna ripinimm oTHOCHTenbHO- 
cth MexaHHKH b Ka'iccTBC nocTynaTa 6bin pacnpocTpaHeH Ha outihicckhc h 
sneKTponnHaMHHecKHe aBneHna b cncuHanBiioil Teopnn OTHOCHTenbHOCTH 
(CTO) A. OnHHiTeHHa [10]. B CBoe BpeMa A. IlyaHKape imcan: “Bee paBHO, 6y- 
.tct jih i io3,tiicc 3tot nocTynaT, HO chx nop cornacyiomHHca c onbiTaMH, non- 
TBcpncncn hhh onpoBcprnyT 6onee tohhbimh H3MepeHHaMH, cciniac bo BcaKOM 
cny'iac npcncTaBnacTca HHTepecHbiM nocMOTpeTb, ktikhc cnencTBiia MoryT Obitb 
H3 Hero bbibc.tciibi” [11], Co BpeMeHH coinaima CTO b c])H3HKe obihh mhoto- 
HHcneHHbie nonbiTKH 3 kc ncp h m c i iTan biio i-i npoBepKH stoh Tcopi-m (onucaHna 
3KcnepHMeHTOB h 6H6nHorpa(|)Hio mohcho h3hth b [12-18]). KominecTBO skciic- 
pHMeHTOB, Ha ripoBcneiiHC KOTopbix TpaTaTca HeManbie MaTepnanbHbie 3aTpaTbi 
h ycnnua yneHbix, npononacaeT h nanbiue yBcnunuBaTbca. B CBH3H co 3nann- 
TenbHbiM pa3BHTneM 3KcnepHMeHTanbHOH TexHHKH b HacToamee BpeMa npen- 
CTaBnaeTca bo3mo>khoh HOBaa npoBepKa npHMeHHMOCTH npnHunna OTHOCHTenb- 
HOCTH B 3neKTpO.THIIaMHKC, y5Ke B .TBHVKymCHCa OTHOCHTenbHO noBepxHOCTH 
3cmhh cncTeMe OTCiCTa [19]. B jti-ix ycnoBHax B03HHKaeT ncooxonHMOCTB on- 
pcnenHTb MHHUMyM sKcncpuMciiTOB [20], c npoBc/icniicM KOTopbix mohcho 6bino 
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6bI CHHTaTB, HTO 3 K C n C p H M C HT an B11O C o6oCHOBafflie OCHOBHBIX nOnOnCeHIHl CTO 
HaKOHeu, 3aBepmeHo. 

IlepBBiH nocTynaT CTO rnacHT, hto He tohbko 3aKOHbi MexaHHKH, ho h 3a- 
KOHBI 3JieKTpOflHHaMHKH HMeiOT 0/1 HU II TOT )Ke BH/1 B pa3HBIX IlHepUHaUBHBIX 
ciicTeMax oTcicTa, /ibhvkvhihxc/i oTHocHTentHo /ipyr /ipyra. Hcnocpe/icTBcimo 
H3 (J)opMyjiiipoBKH nocTynaTa, KaK sto iicTpy/iiio bh/ictb, cne,nyeT, hto ,hjth skc- 
nepiiMeHTajiBHOH npoBepKH npiiMeHiiMOCTH (huh HenpHMeHHMOCTii) npiiHunna 
OTHOCHTeUBHOCTH K 3-TCKTpO M aTHHTHBIM JIBIICIIHJIM B peajIBHOM npOCTpaHCTBe 
ITCOOXO/IHMO II /ICCTaTOHIlO Ka>K,TOC HBnCIlHC paCCMOTpeTB OT.TC-TbllO B ,TByX 
/lBH>KymHxcH oTHocHTenBHo npyr /ipyra HHepu,HanBHBix cucTeMax OTcneTa. 
Cmnana 3ne k Tp om ar iihtiioc hb/iciihc pacc\ia Tp n b a e t c n . HanpiiMep, b «ri0K0>i- 
ineiicn» cHCTeMe OTcneTa (npn6opBi iiokohtc/i b stoh cncTeMe), 3aTeM sto nee 
hbjtciiitc p ac c m a Tp h b a e t c a b CHCTeMe OTcneTa, .TBiivKymciic/i paBHOMepHO h np/i- 
MOJIHHeHHO OTHOCHTeUBHO nepBOH (npn6opBI IIOKOHTCH B «/IBHVKymCHCH» CHC¬ 
TeMe). B npOCTpaHCTBe rpaBHTauHOHHoro non a 3eMHH npn npoBepKe npiiMeffli- 
MOCTH npHHHHna OTHOCHTeHBHOCTH K 3.TC KTpO Ma TIIHT11BIM JIBJICIIHJIM HB.T/1CTCH 
Heo6xo/iHMBiMO cootho/iciihc /lononnirrcnBiioro ycnoBHU npocTpaHCTBeHHOH 
Hepa3o6meHHOCTH iiaomo/iacMBix HBnciinii b «noKOHinciic/i» h b «3BH>KynicHC/i» 
CHCTeMax OTcneTa, Tax KaK b npoTHBHOM cnynae coraacne (huh iiccorjiacnc) c 
npHHHHnOM OTHOCHTeUBHOCTH MO)KeT 6BITB OTHeCeHO 3a CHCT OTJTHHHH (|)H3HHe- 
ckhx cbohctb OKpyncaiomero npocTpaHCTBa o/nioii h /ipyrori chctcmbi OTcneTa. 
3to eooTBeTCTByeT ycnoBiiio npoBepKH npiiMeHUMocTH npiiHunna oTHocHTenB- 
hocth CTO b rpaBHTauHOHHOM none c /loCTaToniio ManBiM rpa/ineiiTOM rpaBH- 
TapHOHHoro noTeHU,Hana huh b oGnacra c nocToniniBiM rpaBHTannoiiiiBiM no- 
TeHHHajIOM [21], B BH/IV 3HaHHTenBHBIX pa3MepOB 3eMHH H He3HaHHTenBH0H 
nOCTOIIHHOH yrnOBOH CKOpOCTH CyTOHHOrO BpaillCIIH/I. JIHHeHHyiO CKOpOCTB Vj 
noBepxHOCTH 3eMHH mo>kho CHHTaTB, b nepBOM npHGnHnceHHH, npaKTHHecKH 
paBHOMepHOH h iipnMonmiciiiioii. CooTBeTCTBeHHO h encTeMBi OTcneTa, CB/nan- 
Han c noBepxHocTBio 3eMnn h /iBiivKymecn OTHocHTenBHo ee, HanpiiMep, co cko- 
pOCTBIO ± V-j , M05KH0 CHHTaTB B nepBOM npn6lIH5KeHHH KaK HHepHIiajIBHBie CHC- 
TeMBi. B KanecTBe MHHUMyMa nBncimii. oTpancaiomux co6oh npHMeHHMOCTB 
npHHHHna othochtcubhocth k 3n ckT p om ar iictiibim ab/icihi/im b ycnoBii/ix Ha 
noBepxHOCTH 3eMnn, mtokho BBi6paTB cne/iyiomnc: 

N 1 - 3JieKTpHHeCKHH iap/l.T C] IIOKOIITCH B paCCMaTpHBaeMOH CHCTeMe OTCHe- 
Ta (okoho lapa/ia /lonvKiio eymecTBOBaTB tohbko sneRTpunecKoe none E q ); 

N 2 - sneKTpuHecKHH sapa/i q /ibhvkctch OTHocHTenBHo paCCMaTpHBaeMOH 
encTeMBi OTcneTa (oKono iap/i/ia. Kpovtc sneRTpunecKoro nonn E q , /lonvKiio 
eymecTBOBaTB MarHHTHoe none //,,); 
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N 3 - cbgt (3JieKTpoMarHHTHi>ie bojihbi) pacnpocTpanjicTCJi bo Bcex HanpaB- 
neHiMX ot hctohiihkh, noKonmeroca b paccMaTpHBaeMOH chctcmc OTCICTa 
(cKopocTB CBeTa bo Bcex HanpaBneHiMX .noJDKHa 6 bitb paBiioii C = const); 

N 4 — CBeT (ajiaapoMarmiTHbie bojihbi) pacnpocTpawieTCH bo Bcex HanpaB- 

JieHIMX OT HCTOHHHKa, /IBHVKV HICTOCI OTHOCHTeJIBHO paccMaTpHBaeMOH CHC- 
TeMBI OTCICTa (CKOPOCTB CBeTa He ^OIDKHa BaBHCCTB OT CKOpOCTH HCTO'iiiHKa 
h bo Bcex HanpaBJieHinix ;ioJi>Kiia 6 bitb pan noil C = const). 

TaKHM o6pa30M, aim nonHOH 3 k c n e p h m e 11 t aji b 11 o M npoBepKH npiiMeHHMO- 
cth (huh HenpHMeHHMOCTu) npnHunna othochtcjibhocth k sueKTpoviarn htiibim 
hbjichhum iicooxo/ihmo h /loCTaTciiio npoBC.TCiiiic Bcero bocbmh 3Kcnepn\ieii- 
tob: 'icTBipc 3KcnepHMeHTa M, N2, A3, ;V4 b “hokohihchch” chctcmc OTCICTa - 
3KcnepHMeHTBi cepnH A ; h sth >Ke HCTBipe 3KcnepHMeHTa /VI , N2, A3, V'4 b 
“.TBUH cymcHCJi” cucTeMe OTcicTa - 3KcnepHMeHTbi cepnn E . Hcooxo/ihmo OTMe- 
THTB, HTO IipOBC.TCIlHC OnTHHCCKHX 3KCnepHMCHTOB A3 H N4 B 'TIOKOIHHCHcT H 
B “,TBH’/K\THCHCJl” CHCTCMaX OTCICTB, B CBOK) O'ICpC.TB, MO)KeT HBJIIITBCJI 6oJiee 

nonHOH 3 k cnep hm ci it a.T b 11oit npoBepKOH TaioKe h BToporo nocTyjiaTa CTO - 
nocTOJfflCTBa cxopocTb CBeTa b jiioGbix ,TBH>KyniHxcH OTHOCHTeJIBHO ;ipyr /ipyra 
npUMOJIHHeHHO H paBHOMepHO HHCpHHBJIBHBIX CHCTCMaX OTCICTa . 

BnonHe ohcbh.tiio, hto npoBC/ieime jho6oto KOJinnecTBa 3Kcnepn\ieiiTOB no 
H3yneHHio KaKoro-Jin6o hbjichhs tojibko H3 o/uioii cepnn A (huh cepnn E) He 
MOJKeT CHy>KHTB ,TOKa3aTCJlBCTBOM npHMCHHMOCTH (huh HenpHMeHHMOCTH) K 
3THM HBJieHHUM npHHHHna OTHOCHTeJIBHOCTH. O.TIiaKO, npOBC.TCIIHBIH aHajIH3 
H3BCCTHBIX OHTH'ICCKHX H 3JTC KTpO/I H11 a M TI'ICC K H X 3KCnepHMCHT0B, OOIHCC HI1CJI0 

KOTopBix npeBBicejio y>Ke 6ojiee 200 [12-18], cbh.tctc.tbctbvct o tom, hto nonra 

Bee 3TH 3KCnepHMeHTBI MO)KHO OTHCCTH TOJIBKO K CepHH A, T.e. K 3KCnepilMCH- 
TaM, npoBC.TCiniBiM b ycJiOBHUx o/uioii cncTeMBi OTcneTa, CBH3BHHOH c noBepx- 
HOCTBK) 3eMJIH (BO BCeX 3KCnepHMeHTBX H3MepHTeJIBHBie lipHOOpBI nOKOHJIHCB 
OTHOCHTeJIBHO noBepxHocTH Tejia 3 cmjih). H 3 3KcnepnMeHTOB cepnn E B .TBH- 
•/KyiHCHCTI OTHOCHTeJIBHO nOBepXHOCTII 3eMJIH CHCTCMC OTCHeTB (H3MepHTeJIBHBIH 

npn6op iiaxo/iwici b /ibhvkciiiiii othochtcjibho noBepxHocTH Tejia 3 cmjih) 6biji 
ripoBC.TCii tojibko o.THii 3KcnepHMeHT A3 - onBiTBi Tuna CaiiBHKa [22-24], no- 
jio>KHTejiBHBie pe3yjiBTBTBi KOToporo y>Ke b nepBOM npn6jiH>KeHHH VIC He co- 
rjracyiOTCi c npiiHunnoM othochtcjibhocth [12]. Ho b onBiTe Tuna CaiiBHKa pe- 
THCTpUpyiOmHH npn6op H HCTOHHHK CBeTa yHaCTBOBBJIH BO BpailiaTCJIBIIOM /IBII- 
>KCHHH OTHOCHTeJIBHO nOBepXHOCTH 3eMJIH, H pe3yJIBTaTBI OnBITa 6 bijih OTHeCe- 
hbi 3a cneT “3(]x[)CKTa BpameHiM”, paccMaTpiiBaeMoro b ooiiicii Teopnn othoch- 
TeJiBHOCTH (OTO) [16, 18, 25]. CoraacHO OTO, KaK OTMCiaiioci. y>Ke BBirne, b 
jho6oh BpamaiomcHca chctcmc OTCICTa Bpevni npoxo/Kyicimsi jiyna CBeTa no 
3aMKHyTOH TpaeKTopiiH no HanpaBJieHHio Bpaiiicinm h npoTHB OKasBiBacTci pa3- 
JIHHHBIM, HTO 3KBHB3JICHTHO OTCTaBaHHIO CHCTCMBI OTCHCTa flJIH CBeTa OT Bpa- 
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maiomcilcA chctcmbi hah, /ipyruviH cnoBaMH, pa3HOH ckopocth pacnpocTpaHe- 
hha CBeTa no nanpaBACimio Bpamcniia h npoTHB b ontiTe Tuna CaiiBAKa [12, 16]. 
O.iiiaKo ecnH bo BpamaiomuxcA ciicTeMax OTCHCTa cbct a c li c t b ht c a b 11o pacnpo- 
CTpaiiACTCA no 3aKOHaM, yCTaira bahb ae mbim OTO, to npiiMeHirreABHO k Bpa- 
maiomcilcsi 3 c mac b ucaom cKopocTb pacnpocTpaiiciiiiA CBeTa Ha ee noBepxHo- 
cth no nanpaBAcnmo cyTO'inoro BpamciniA h npoTHB, anaAorn'ino Kax bo Bpa- 
iiuiioiucmca npn6ope CaHtaxa, TaioKe aoavkiia onpeaenaTBca cooTHonieHneM 
bhaa C ± DR nun C ± V, r/ic D - yrnoBaa CKopocTB cyraHHoro BpamciniA 3eM- 
ah, V - nHHenHaa CKopocTb noBepxHocTH 3 cmah 3a chct ee cyTO'inoro Bpame- 
HHa (Ha 3KBaTope DR = V ~ 400 m/c). Mokav TeM, npoBCAcmiBic c HcnoAB30Ba- 
HHeM COBpeMeHHBIX CpCACTB TOHIICHIIIHC 3KCnepHMeHTBI [26-30], KOTOpBIC 
moacho HHTepnpeTHpoBaTB Kax aHajiom omii'iccKoro onBua MaHKenbcoHa [31], 
C TOHHOCTBIO AO ~30 m/c, — 1,6 m/c H ~0,9 m/c COOTBeTCTBeHHO AOKa3BIBaiOT OT- 
eyTCTBue “3(j)(])eKTa BpameniiH'’ Ha noBepxHocTH BpamaiomcHCA 3 cmah. IIoao- 
miTenBHBie pe3yni>TaTbi ontiTOB Tuna MaHKentcoHa - Tens [32, 33] He MoryT 
OBITB I [p HIlJTTBr B paCHCT BBHAy TOTO, HTO 3TOT Oil BIT. BO-nepBBIX, He COOTBeTCT- 
ByeT 3KcnepnMeHTy N3 - H3MepeHHio ckopocth CBeTa b oahoh cncTeMe otchctb, 
Tax Kax nnenn npn6opa, naxoAAiiiHCCA Ha pa3Hbix mnpoTax 3eMAH, HMeiOT ot- 
HOCHTeJIBHyiO CKOpOCTB ABIT/KCHHA Me)KAy eo6on; BO-BTOpi>IX, 3TOT 3KCnepHMeHT 
He eooTBeTCTByeT ycAOBHio npoBepKH ripimmma otiiochtcabiiocth b rpaBHTa- 
hhohhbix nonax paBHoro iiOTCiiiuiaAa [21], ynuTbiBaa paaiiBic SKBUBancmiiBic 
BpameHHio nona Ha paaiiBix mnpoTax 3 cmah. 

Ooiiihh aHajiH3 sacKTpo ahii a mhhcckhx abaciihh, iipumciihtcabiio k ao- 
KajiBHBiM BpamaiomuMCJi otiiochtcabiio noBepxHocTH 3 cmah 3apA>KcimBiM chc- 
TeMaM (sapA/KCIlIlBIH C(])CpHHCCKHH KOHAeHCaTOp [32]) H IipUMCIlHTCABIlO K 3a- 
pjmeHHbiM cncTeMaM, CBAiainiBiM c 3 cmach b ucaom (japAVKCiiiiBic rcocc])cpBi 
3c mah [20]), TaioKe o6Hapy>KHBaeT anaAorn'iiiyio acuMMeTpuio b npoABACiiim 
3aKOHOB 3JieKTpOAHHaMHKH B (})H3HHCCKH IlCAKBHBaACIITIlBIX BpailiaiOIHHXCA CHC- 
TeMax OTc i icTa. /[amiBie abaciiha noATBep>KAaeT bbiboa o cymecTBeHHOH 3aBH- 

CHMOCTH Oin H'ICCKHX H 3ACKTpOAHIU1MH'ICCKHX ABACI II I 11 BO BpailUlIOIHCHCA CHC- 
TeMe OTC'iCTa ot CBAsaimoH c stoh BpanuHomcHCA cucTeMOH OTCHCTa rpaBHTii- 
pyiomcil Maccoil. OntiTti Tuna [26-30] h sacKT po ahii a mhh cckhc sc^eiem bo 
B pamaioiHHXCA cncTeMax [20, 32] ctabat noA coMHeHne oOTjacirciinc iioaovkh- 
TeABHBix pe3yjiBTaTOB ontiTa Tuna CaiiBAKa “3 (}x})cktom BpamciniA'’ OTO h Tpe- 
6yiOT nepecMOTpa HiiTepnpeTanHH «iioao>khtcabiibix» pe3yni>TaTOB Kax ontiTOB 
Tuna CaiiBAKa, Tax h ontiTOB Tuna MailKCABCona - T caa. 

ECAH HCKAIOHHTB H3 paCCMOTpCIlHA H OAO/K HTC A B11BIC pe3yHBTaTBI OIIBITOB 
THna CailBAKa, TO MOACHO CHHTaTB, HTO npilMeHUMOCTB (hah IienpUMCIIHMOCTB) 
npHHHHna OTHOCHTeABHOCTH K 3 A C K TpO M a T11H T11 BI M ABACIIHAM B yCAOBHAX Ha 
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noBepxHOCTH MacciiBHoro rpaBHTiipyiomero Tena 3 cm3h ,30 nacToamcro BpeMe- 
hh ocTacTCH OKcnepiiMeHTajiBHO He Ka3annoil. 

O.aiiaKO iiniopupoBaime pe3yni>TaT0B ontiTOB Tuna CaHtaica b nacToamcc 
Bpevia He npepcTaBJiaeTca bo3mo>khi>im, Tax KaK o6Hapy>KeHHoe sthm ontiTOM 
oin n'iccKoc aBJieHiie yace namno ce6e mnpoKoe npaKTimecKoe npuMeHeHiie [ 18, 
34]. nontiTKH >Ke coBMecTHoro HCTOJiKOBaHiia pe3ynbTaT0B oiith'icckhx h 3Jieic- 
TpOflHHaMHHeCKHX 3KCnepHMeHT0B B JIOKajIBHBIX BpaiHaiOIHHXCH OTHOCHTeUBHO 
noBepxHOCTH 3eMHH cucTeMax oTC'icTa h bo Bpamaioinnxca cucTeMax oTC'icTa, 
CBaiamiBix c 3eMJieii b neaoM, cbh.tctc.tbctbyiot noxa o HenpHMeHHMocTH 

npHHHHna OTHOCHTeJIBHOCTH K OmH'ICCKHM H 33 C KT po.3 1311 a M 13 'ICC K 13 M aBHeHHaM 
b peajiBHOM npocTpaHCTBe y noBepxHOCTH 3 cm 3 h. 

/Tyia Toro htoobi 3aBepniHTb, iiaKoiicn, 3 k c n c p h m c n 3 a 31 > n o e o6ocHOBaHHe 
npHHHHna OTIIOCI3TC3BIIOCTI3 B 33C KTpO,3 1311 a M H KC, B IiaCTOaiHCC Bpcvi a Heo6xo- 
auMa nocTaHOBKa 3KcncpnMCiiT0B cepnn E b pBnacyiiicilca 0Tiioci3TC3i.no no- 
BepXHOCTH 3 C\3313 CHCTeMe OTC'ICTa. 


3. O 3aK0HaX 3JieKTpOAHHaMHKH H OIITHKH BO BpaiIiaiOII]HXC5I 
OTHOCHTeJIbHO 3eMJlH CHCTeMaX OTCMeTa 


B KJiaccHHecKOH h penaTHBHCTCKOH 33cKTpo.iH11a mhkc H3BecTeH «napa- 
POKC» c iapaVK'CIHIBIM C([)Cp13 l I CCK13M KOII/lCIICaTOpOM [20, 32], KOTOpblH ,30 Ha- 
CToamcro BpeMeHH He iiamc3 cBoero paapcnicn ii>i. O/niaKO b ii p a k t h i i c c k m x 
pac'iCTax, HanpHMep, b reoc|)H3HKe, npi3Mciii3Tcaiaio k rcoc(])cpa\( 3 cm3h, mho- 
rne 33c kt po,3 hii a mh' ice kh c japan h cbophtch k onpc.aeacimio oacKTpHHCCKHX h 

MarHHTHBIX II03CH OT H0K03IHHXC3 H BpaiHaiOIHHXCH 3apa>KCIIIIBIX C(])Cpi3HCCKI3X 
CHCTeM H3H ot Bpamaioiiinxca iapa'/KcmiBix reocc|)ep ripn\icimTC3Biio k 3c\(3c b 
penoM, KOToptie TaioKe npc.icTaB3aioT coooil 3060 c<|>epHHecKHH Koii,iciicaTop. 
31300 ero 33CMCIITBI. ,0,351 BBI3B3CIIII3 CymeCTBa “napapOKCa” paCCMOTpUM B03- 
MO’/KIIWC CHTyapHH, KOTOpbie MOryT HMeTB MeCTO npn paCCMOTpeHHH 33,33313 c 
iapa’/KCIHIBIM C([) c p 13 l I CC K13 M KO11,3 c 11C aTO po M. 

1. B cocToaHHH noKoa 3apa>Kciiiioro afiepHHCCKoro Koii,3CiieaTopa b iicno,3- 
bh>khoh ‘AaoopaTopnoil” CHCTeMe OTC'icTa, noKoamuMHca b stoh CHCTeMe ot- 
CHCTa Iipi300pa\3I3, 33 C K Tp 13 l I CC KO C II03C E ± 0 pCri3CTpi3pyCTC3 T03BK0 B npO- 
CTpaHCTBe MC>K,3y pa3HOHMeHHO 3apa>KCIIIIBIMI3 C(])epa\3I3 K0II,3CIieaT0pa (puc. 1). 
B npocTpaHCTBe BiiyTpcinicil ccjiepbi h b npocTpaHCTBe BHe Biiciniicil aficpi.i 
KOHpeHcaTopa noKoaipuMHca b ‘AaoopaTopnoil” CHCTeMe npi30opa\3i3 33CK3pn- 
necKiie 11 03 si He perncTpupyioTca. /Oanni.ie 3a6opa3opm.ix na63io,3ciinii Teope- 
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TunecKH o6o6meHi>i H3BecTHOH TeopeMoit OcTporpa/icKoro - Taycca, connacno 
yCHOBHJIM KOTOpOH HMeeM 

J E Bm dS = 4mj BBH = 0, TaK KaK q BBH = 0; (3.1) 

^E n dS = 4nqi + 4nq2 = 0, (3.2) 

5 2 

r/ic E b bh - nanpji’A'cimocTh 3neKTpnnecKoro nona b npocTpaHCTBe Biiyipn BHyT- 
peHHeil ctjjepti S\ Kon/iciicaTopa; c/„ BH - cyMMapiitiil 3jieKTpiiHecKHH aapsi.i BHyT- 
pii BnyTpcnncH ccjjepti S\ KoipiencaTopa; E\ 2 - nanpHVKCimocTt sjieiapHHecKoro 
nona b npocTpaHCTBe MOK/iy BnyTpcnncH S\ h BiicinncH So cijicpaMH Kon/ienca- 
Topa; c/, - r 3 jt c kT p h' icc khH 3apan, pacnpcncJienntiH no BHyTpeHHeii ccjjepe S\ 

KOH/ieHcaTopa; c/( - sjieKTpiiHecKHH iapa/i. pacnpc.ncjicnntin no BHenraen cc})c- 
pe S 2 KonncncaTopa; E m - nanpavKcnnocTt 3JieKTpnnecKoro nona b npocTpaHCT¬ 
Be BHe BHeniHen aficpBi So Kon/iencaTopa. 

B COCTOaHIlIl nOKOa BIICKTpH'ICCKHX iapa.lOB C(])CpH l ICCKOrO KOIl/lCIICaTOpa 
b “na6opaTopHon” cncTeMe OTcneTa noKoamiiMiica b stoh cncTeMe npn6opaMH 
MamuTHoe none b npocTpaHCTBe BHe n BHyTpn KonncncaTopa He perncTpnpyeT- 
ca, T.e. //„„„ = 0, II\2 = 0, = 0. TaKHM o6pa30M, b coctohhhh noicoa sneiopH- 

necKnx japa.TOB c(j)cpnnecKoro Kon/icncaTopa oTHoeirrentHO perncTpnpyiomHX 
npn6opoB n OTHOCHTentHO “jia6opaTopHon” cucTeMti otchctb (3nannMOCTt ko- 
Topoil ocTacToi noxa ncBtiacncnnoM) HMeeM 



Phc. 1 
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E BBH H bbh 0, 

E 12 ^0, H 12 = 0; (3.3) 

E bh = 0, H bh = 0, 

hto, b o6meM, cooTBeTCTByeT KaK naSopaTopHBiM Ha6nioaeHH5iM, TaK h o6me- 
npHHJITBIM npC/TCTaBJTCIIH>[M. H He BBI3BIBaeT B03pa>KeHHH. 

2. O/uraKO ecnH japHVKeimwH a])epiTiecKHH Kon/iencaTop npuBecTH bo 
Bpameimc KaK o/iiro penoe oTHocuTentHo iicno.iBHVKnoH “jiaGopaTopnon” chc- 
TeMti OTC'ieTa (BpameHHe okojio och, npoxo/WHeil 'icpea neiiTp KonnciiTpu'ic- 
ckhx c(])ep KonncncaTopa) (puc. 2), to, KaK noKaabiBaioT iraomo/ieniifl. b iiokoh- 
meiicfl “na6opaTopHOH” cucTeMe oTcneTa (no npn6opaM b iiokoaiuchch chctcmc 
OTC'iCTa) MarHHTHBie nona H A 0 coneHOH^antHoro Tuna oopaayiOTca KaK b npo- 



CTpaHCTBe MC/K,Ty 3apH/KCIIIIBIMH C(])epa\fH KOIMCIICaTOpa, r.TC E 12 ^ 0, TaK h b 
npocTpaHCTBe BHe h BHyTpn Koii.iencaTopa, r^e E BH = 0n E BBH = 0. CymecTBOBa- 
HHe MarHHTHoro nona b npocTpaHCTBe BHe h BHyTpn Koir/iencaTopa nenocpc/iCT- 
BeHHO cne/iyeT H3 npuMeHHMOCTH 3aKOHa Eho - CaBapa k 3aMKHyTtiM kojiluc- 
BBIM OJieKTpHHeCKHM TOKaM, /lOCTOBCpilOCTB KOTOpOTO npOBepeHa MHOTOHHCJieH- 
HBIMH Jia6opaTOpHBIMH Ha6jIK),HeHH5IMH. TcOpCTHHCCKH MaTHHTHBie nOJM OT 
Bpamaiomcrooi BapjivKcimoro ajiepi-iHecKoro KoiincncaTopa b cucTeMe iiokosi- 
muxca b “naEopaTopHon” cucTeMe oTcneTa npn6opoB, onpe/icjunoTCH pemeHii- 
eM cucTeMBi ypaBHeHHH MaKCBeiuia 
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rotH = —j, 

c 

divH = 0, (3.4) 

rotE = 0 , 
divE = 4np, 

npHMCHHTCJIBHO K 3aMKHyTBIM 3JieKTpHHeCKHM T0K3M japfl.TOB KOIl/lCIICaTOpa 
(npil 3TOM HHK3KHX OTpaHHHeHHH Ha npHMeHHMOCTB B npH6:iH)KeHHH VIC KJiaC- 
CHHecKOH h penaTHBHCTCKOH 3acKTpo,1 h 11a mhkh k BpamaiomcMcH neiinepuHajib- 
hoh cucTeMe, CBHiaimoH c KonacncaTopoM. b ,Tanno\i cnynae He o 6 n a p y >k it b a ct - 
ea). PemeHHe ypaBHemiH (3.4) naxo.THTCH b bh/ic 



H aim SJieKTpHHeCKHX H MarHHTHBIX nOJieH B IIOKOHIHCHCH “jia6opaTOpHOH” chc- 
TeMe OTC'icTa ot Bpamaiomeroca iapavKeimoro cxfiepn'iecKoro Kon/icncaTopa 
OKOHHaTenbHO naxo.iHM 



r.TC E' bbh = E' bh = 0 HBaaeTca cjic.tctbhcm jxony cthmocth npuMcncniui TeopeMti 
OcTporpa.icKoro - Taycca k /iBHVKymuMCfl tjtcktphhcckhm sapa/iaM (rnnoTe3a 
MaKCBeiuia). 

2'. 9acKTpH l iccKHC h MarHHTHtie nona b ncno.TBHVKHOH “jia 6 opaTopHOH” 
cucTeMe oTcneTa ot Bpamaiomeroca iapHVKcnnoro ajiepi-iHccKoro Kon.xcncaTopa 
mo)kho HaHTH cine cJic/iyiomuM cnocodoM. B 4»h3hkc .to nacToamero BpeMeHH 
He namca CBoero paipcmcniia Bonpoc 06 y Bjieicae mo ct h huh ncyBJicKacMOCTH 
flBH>KymHMHca 3JieKTpHHecKHMH Tapa/iaxm coocTBcnnoro sacKTpH'iccKoro nona. 
HanpuMep, ecnn b “jiaGopaTopnoM” cucTeMe OTcneTa paccMOTpeTt .TBH>Kymyio- 
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ca /loCTaTO'ino /in winy 10 iapavKcnnyio hhtb, to B03HHKaeT 3aKonni>n'i Bonpoc - 
ynncKacTca jih KaK o/ino penoe bmocto c 3apa/ia\in hhth h o6pa3yeMoe hmh b 
npocTpaHCTBe Hen3MGHHoe no Benwinne 3neKTpnnecKoe none? H 3 3aKOHa Eno - 
CaBapa /pia nanpancennocTH MaraiiTHoro non a ot nBnncyinenca iapancennon 
hhth naxo/iHM 


H = ~. (3.7) 

c R 

PaciHHijrpoBBiBaa (j)H3HHecKHH cmbich cjropMyiiBi (3.7), moikho oOHapynciiTB 

ff = 1 2oV = V2o = V 
c R c R c 

hto cooTHomeHHe (3.8) eooTBeTCTByeT (])op\iynaM npeoopaiOBanwi nonen b 
KJiaccHnecKOH one KTpo.innavtn kc npn nepexo/ic H3 /iBHVKyincMca cncTeMti ot- 
cneTa, CBfliannoii c iapancennon hhtbio, b noKoainyioca “jia6opaTopHyro” ciic- 
TeMy OTC'iCTa. B cooTBeTCTBHii c (3.8) nanpa/KcnnocTB oneKTpHHecKoro nona E b 
CHCTeMe OTcneTa, CBfliannon c 3apavKcnnoii hhtbio, onpepenaerca no hbbcctiioh 
(jropMyne 


E- — 
R ’ 


(3.9) 


KOTopaa eooTBeTCTByeT cjropMyjie, ripuMcnacMOH npn onpe/icnenmi sncKTpnHC- 
ckoto nona ot noKoameiica b “naOopaTopHOH” CHCTeMe OTGHera lapa/Kcnnon 
hhth. Cnc/ioBaTcnimo, H3 cooTHomeHna (3.8) bh/hio, hto b KnaccwiecKon (h 
penaTHBUCTCKon) /ineKTponnna\in kc npc/irionaracTca nonHaa yBneKaeMOCTB co6- 
CTBeHHoro 'incKTpwiccKoro nona /iBHVKymHMHca TncKTpwiccKHViH japa/iaviH. 
TaK KaK 'incKTpiniccKoc none E (3.9) b hio6oh TOHKe npocTpaHCTBa OKono 3apa- 
aceHHoir hhth ncpcMcinacTca OTHOCHTenBHO ncno/iBH/Kiion “naoopaTopnon” 
CHCTeMBI OTCHCTa CO CKOpOCTBK) V, TO B “naOopaTOpHOH” CHCTeMe OTCHeTa B 
3thx ace TOHKax npocTpaHCTBa (cornacHO npeo6pa30BaHHaM noncii b KnaccHHe- 
ckoh nnn b penaTiiBHCTCKOH (b npnonnvKcnnn VIC) 3ncKTponn 11 avin kc 6y/|c\i 
HMeTB 


H = 



(3.10) 


hto b nencTBHTenBHOCTH h eooTBeTCTByeT naoopaTopnBiM naonio/ienwiM. 

OnnaKO, ccnn aHanorHHHBie npcnnono/Kcnna o nonHOM yBneHeHirn 'mck- 
TpHHecKoro nona /iBHVKymnMHca japa/iaviM npHMeHHTB k lapa/iavi Bpaipaiome- 
roca iapa/Kcnnoro c(])epwiccKoro KonncncaTopa (puc. 2'), to nonyHHM iicovkh- 
paHHBie pe3ynBTaTBi. HanpuMep, ccnn npc/inonovKHTB, hto 'ineKTpwiecKoc none 
E 12 (E hh „ = E h „ = 0) Bpamaromeroca a])epwiccKoro KonncncaTopa yBneKaeTca 
KaK opho ncnoc BpamaiomeHca chctcmoh OTCiCTa, to b nioooii TOHKe npocTpaH- 
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CTBa MOK.ay 3apa>KennBi\m c(|)cpa\iH Koii/icncaTopa aneKTpiiHecKoe none 
E \2 = qI (s/'| 2 ) oy/icT ncpcMcmaTBca oTHociiTenBHo iicnonnH'/Knoil «na6opaTop- 


HOH» CHCTeMBI OTCHCTa CO CKOpOCTBK) V\ = W'\, H B paCCMaTpHBaeMOH TOHKC B 
«na6opaTopHon» cucTeMe OTCHCTa (cornacHO (])op\iynaM npeo6pa30BaHHJi no- 
nen) /iojivkiio perncTpiipoBaTBca MamnTHoe none 

H 12 =-[VxE 12 ] (3.11) 

c 

11 cconc n o h nan b11 o ro Tuna c He3aMKHyTBiMH cnnoBtiMH jihhhhmh. /(ns Bcex no- 
neil b “na6opaTopHon” cucTeMe OTcneTa b 3tom cny'iac 6y/ic\t HMeTB 


E' = E =0, H' = H + —xE =0; 

BBH BBH ’ BBH BBH BBH ’ 

c 

V V 

Ej 2 = E 12 0, HJ 2 = H 12 + —xE 12 = —xE 12 ; 

c c 


(3.12) 


el=e=o, H' =H + —xE =0. 


BH BH 


Tax KaK (3.12) He eooTBeTCTByeT nonsM, naonio/iacMBiM b “na6opaTopHon” cnc- 
TeMe OTC'icTa, to moscho cncnaTb b bibo/i, hto nns Bpamaiomcncs sapa>KcimoH 
cncTeMBi japflVKcimoro aJicpn'iccKoro KonncncaTopa nonHoe yBncHeimc co6ct- 
BeHHoro BncKTpiniccKoro nona OKa3BiBaeTcs nc/ionycTHMBiM. 

PacKpBiBaa CMBien (]iop\tyn (3.6) /in a MamnTHBix nonen, OTpancaioninx co- 
6oil pe3ynBTaTBi na6opaTopHBix naonio/icniiii. moscho nalrn-i. hto cooTHomeHne 
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h, = —rot 

c Jr 


npe^CTaBJiaeT co6oh 3aK0H Bho - CaBapa 

u _ 1 f[ji xr ]^ 


n J 


HJIH B CKairapHOH (])Op\lC 


H,=ij 

r J 


1 r/ 1 a?/sin(dl,r) 
c r 2 


TaK KaK ;'i = OiKi h OitZ/i = dq\, h yniiTBiBan, hto dqdr 1 = dE\, ycTaHaBJiHBaeM 

Hi = \[~'~^ 2 r sin (Y 1 ’ r ) = |fy ■dE 1 sin(V|,r), (3.16) 


hto cyMMapHoe vianiHTnoc none //] b jnooon TOHKe npocTpaHCTBa b noKonmcn- 
cn “jTaoopaTopnoii” cucTeMe OTCicTa ot Bpamaiomoxcn oneRTpunecRux iapn.TOB 
c(])epBi ,S'i Kon/icircaTopa onpeaeJineTcn HHTerpajiBHon cyMMoil Marm-miBix no- 
nen ot Bcex TBHVKymHxcn co cxopocTBio V\ = cori ojicMciiTapiiBix Tapn/ioB c/c/ 
3apn>KeHHOH ccjjepti. /IpyriiMH cnoBaMH, HanpnAeHHOCTB MamuTHoro noun H\ b 
jik>6oh TOHKe b npocTpaHCTBe okojio Bpamaiomcrocn iapnvKcimoro ccJjcphhccko- 
ro Kon.TcncaTopa onpenenneTcn He npcnrionaracMoil cKopocTBio V=cor nepe- 
Mcmcnini oneRTpunecKoro noun E = dq ] /(i' J R) otiiochtchbiio ii cn o.tb n vkiio il “na- 
6opaTopHon” chctcmbi oTcneTa Ha pannoM paccTonffliii R ot Kon.TcncaTopa, ko- 


Topan ,i.™ pa3Hi>ix paccTonmiH OKaiBiBacTcn pa3HHHHon, a ncKOTopoii nocTonn- 
hoh CKopocTBio V\, KOTopan nBJineTcn CKopocTBio /ibhvkchhh caMnx sneKTpnHe- 
ckhx iapn.ioB Kon.TcncaTopa otiiochtcjibho ncno.TBnvKnon “jiaGopaTopHon” cnc- 
TeMBi OTcneTa. TaKHM o6pa30M, TaK KaK yrnoBan ckopoctb BpaineniiH nnn Bcex 
iapn/ioB c(|)cpBi .S' i o.TnnaKOBa. to MamuTHoe none b jik>6oh TOHKe npocTpaHCTBa 
ot Bpamaiomcilcn japnAcnnon ctficpBi ,S'i onpenenneTcn tojibko a6comoTHon 
CKopocTBio V\ = cor ncpcMcmcnmi ojieKTpiiHecKHx iapn/ioB ccJiepBi oTHocHTenBHo 
HenonBHAHon “jia6opaTopHon” cncTeMBi OTcneTa. /(aniiBin bbibo.t TaioKe rio.T- 


TBepA^aeT HenpnMeHHMOCTB npennonoAeHun o noiiHOM yBacncnini Bpamaio- 
mencn 3apnvKcnnoH chctcmoh co6cTBeHHoro aneRTpunecKoro noun. 

3. Ecjih iapnAcniiBiH a])cpnnccKnn KoiinciicaTop ocTaBHTB TenepB b co- 
CTonHHH noKon b ncno.TBnvKnon “jia6opaTopHon” cucTeMe OTcneTa, a b hbhvkc- 
Hne npuBecTH perncTpupyEomnn npn6op, to npn6op oy.TCT ncpcMcnuiTBcn b 
npocTpaHCTBe BHe n BHyTpn c(])cpnnccKoro Kon.TcncaTopa b tjicktphhcckhx n 
MamuTHBix nonnx, onpcTcancMBix cornacHO (3.3). H3 npcoopaTonannvi nonen 
KaK KJiaccHHecKon, TaK n pejinTHBHCTCKon (b npn6nn>KeHHH VIC) 3-TCKTpo.Tnna- 
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MHKH IICnOCpaiCTBCimO C-TC/iyCT (pHC. 3), HTO B CHCTGMe npn6opa, .IBHVKymCrO- 
cn b npocTpaHCTBe, r^e E BBH = 0n E BB = 0, aneRTpunecKHe n MaranTHtie nonn no- 
npOKIICMV OTCyTCTByiOT 

V 1 y 

X ^BBH — ^5 ^BBH _ ^ BBH X ^BBH _ 

rv i , v (3 - 17) 

E'bh-Ebh x H bh -0, H bh - H bh + xE bh -0. 

_ c J c 

IIpn .iBHVKcniin nee npn6opa b npocTpaHCTBe MOK/iy 3apH>KcnnBiMii a])epa\fH 
KOH/ieHcaTopa (HanpuMep, ripn ,TBH>Kcniiii npn6opa no Kpyry oicono och Bpamc- 
HHa KonncncaTopa), r,ne E\ 1 i 1 0 (cm. (3.3)), b cornacnn c n p c o 6 p a 3 o b a i in h m n 
nonen KnaccunecKon n penaTHBHCTCKon m c kT po/i h na mhkh, b cucTeMe npn6opa 
.nonncHO pemcTpupoBaTBCJi 11 ccojt cnonnan bi ioc MaraiiTHoe none H' l2 c nununn- 
pnnecKon cnMMeTpnen n c He3aMKHyTi>iMH chuobbimh hhhimmh MamuTHoro 
nona. Heconei io n/jan b11bi ii xapaKTep MamuTHoro nonn nenocpe/iCTBCimo npo- 
CMaTpuBacTCJi H3 t]>op\iyn npeoopaiOBaimyi nonen, HanpuMep, H3 (])op\iynBi (b 
K naccnnecKOM npnonH>Kcniiii) 

H' = H + —[V x E], (3.18) 

c 



Phc. 3 


KOTopaa Rim paccMaTpHBaeMoro cjiynaa npHHHMaeT bh# 

HJ 2 = H 12 + —[Vx E 12 ] = — [Vx E 12 ]. 
c c 



(3.19) 
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Ecnn b npocTpaHCTBe MOK.ry 3apaaceHHtiMH ccficpaMH Kon/icncaTopa. noicoame- 
roea b “na 6 opaTopHOH” CHCTeMe OTCHeTa, bbgcth .nononHHTentHyio Bpamaio- 
myiocfl cijiepy, KonnenTpHonyio ajiepaM Kon/icncaTopa. to b chctomo ,Taimoii 
Bpamaiomcilca cijiepBi BeKTop MarHHTHoro nona H '12 (3.19) oy/ieT opMcm npo- 
BaH Bccppa no KacaTentHoil k noBepxHOCTH c MaKCHMyMOM nanpHVKcnnocTH 
MarHHTHoro nona b OKBaTopnantHOH oSnacTH h HyneBBiM 3iia l icimcM Hanpa- 
nceHHOCTH MarHHTHoro nona Ha noniocax. AHanoniHHtie bbibo/ibi nonynaioTca h 
npn HcnoJiB30BaHHH npeo6pa30BaHHH noneil penaTHBHCTCKOH rncKTpo/iHnaMH- 
kh. Tax Kax nccon c n o n/ian b 11 bi c MarHHTHtie nona pc an b no He naonio/iaioTca. to 
IICOOXO.THMO npH3HaTB, HTO npHMeHHMOCTB KJiaCCHHeCKOrO H peiMTHBHCTCKOrO 
npH 6 nH>KeHHH bo Bpainaioineiicfl othochtcubho noBepxHocni 3cMnn cncTeMe 
OTC'icTa 0Ka3biBaeTC5i ne/ionycTHMoil. 

O/inaKO ncTpynno noica3aTb, hto hmchho nccon c n on/ian b 11 bi ii xapaKTcp 
MarHHTHoro non a b KnaccnnccKoii h penaTHBHCTCKOH rncKTpo/innaMnKC b no- 
cnc/nicM cnynae ,racT bobmoaiioctb nail™ nciicTBHTcnBno HHBapnaHTHoe pa3- 
pemeHne rnc KTpo.rn 11 a m no cc ko ii Ba/iaon c iapaAcmiBiM c(|)cphhcckhm Kon/icn- 
caTopoM (b KJiaccHHecKOM npn 6 nH>KeHHH HHBapnaHTHocTB coonio.racTCJi b npn- 
6 nH>KeHHH VIC). FimoTCTn'iccKn npcnnonaraa npHMeHHMOCTB npnHunna otho- 
CHTeJiBHOCTH b ycnoBiiax OKOno3eMHoro npocTpaHCTBa rpaBUTannonnoro nona h 
([ iniH'iccKoro BaKyyvia, paccMorpuM mcktphhcckhc h MarHHTHtie nona 3apa- 
ac micro ajicpnoccKoro Kon/icncaTopa b noKoameilca n bo BpamaiomeHca otho- 
CHTentHo noBepxHOCTH 3eMHH encTCMax oTcneTa. ripn hio 6 om ncpcxo/ic H3 no- 
Koameilca cHCTeMti OTcneTa bo Bpamaiomyiooi h o 6 paTHo (icaic npn noKoameM- 
ca. Tax n npn BpamaiomeMca b “jia 6 opaTopHoil” CHCTeMe Kon.rcncaTopc). Mar- 
HHTHoe none b cncTeMe mcktphhcckhx sapanoB KonncncaTopa Bcer.ua nonara- 
eTca paBHtiM Hynio, hto eooTBeTCTByeT o 6 menpHHaTtiM b KnaccuHecKoil n pena¬ 
THBHCTCKOH 3-3CKTpO .1011 aMHKC npC/lCTaBnCnHSIM 06 OTHOCHTentHOCTH MarHHT¬ 
Horo nona n npHMeHHMOCTH k rncKTpoMa thhthhm aBneHnaM npiiHunna otho- 
CHTentHOCTH (<])opMan b noil b KnaccHHecKoil rneKTpo,rn na m n kc h crporoil b pe¬ 
naTHBHCTCKOH) . HanpuMep, ccnn nna ancKTpnHCCKoro n MarHHTHoro nona mca- 
ny iapjiAcmiBiMH cnJicpaMn Kon.rcncaTopa b ncxonnoil noKoameilca chctcmc 
OT cneTa ot noKoameroca Kon/icncaTopa HMeeM (cm. (3.3)) 

E'n = E 0 , (3.20) 

H’ n =0, (3.21) 

to nna 'rncKTpn'iccKoro n MarHHTHoro noneil bo npainaionicncfl c yrnoBoil cko- 
pocTtio co cncTeMe OTcneTa b penaTHBHCTCKOM npnonHAcnnn oy/icM HMeTt 

, _ E 12 +[VxH| 2 ]/c _ E 12 

12 Vl ~V 2 /c 2 Vl -V 2 /c 2 ’ 


(3.22) 
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, _ H l2 -[VxE 12 ]/c _ [VxE 12 ]/c 
12 -\ll-V 2 /c 2 Vl -V 2 /c 2 ’ 


(3.23) 


rae 


V = co r. 


IIpiiHiiMaa nail/ieimBic BacKTpi-i'iecKHC E\ 2 h MarnmiiBie H' l2 noaa (3.22) h 
(3.23) bo Bpamaiomcnca chctcmc oTcneTa 3a i-icxoanBic h npiiMcnaa k hum 
bhobb npcoopaaoBanna noaen peaara bhctcko ii aac KTp o a h na mhkh (T.e. HCKyc- 
ctbohho noannHaa aaeKTpoMarHHTHtie aBaeHHa iipnrinnrry othochtcjibhocth), 

ansi 'in CKTpIIHCCKIIX H MarHHTHBIX riOaCH B IlOKOaiUCHCa CHCTeMe OTCHCTa iiail- 
aeM 


(V = -V) 


E'u = 


e; 2 -[Vxh; 2 ]/c _ 
Vl -V 2 /c 2 


(3.24) 


h ; 2 = 


h; 2 +[Vxe; 2 ]/c 
Vi -V 2 /c 2 


(3.25) 


IIoacTaBaaa b (3.24) h (3.25) Btipaacemia (3.22) h (3.23) h npumiMaa bo BHHMa- 
mie, 'ito V _L Ej 2 h (W) = V 2 


e; 2 = 


E 


12 


V x—[V xEp] 
c 


■Jl-V 2 / c 2 


yJ\-V 2 /c 2 


E, 


E 


12 


Vl -v 2 /c 2 c 2 1 -V 2 /c 2 


= E 12 =E 0 ; 


h ; 2 = 


[VxE 12 ] 


[VxE 12 ] 

c(l-V 2 /c 2 ) c(\ -V 2 / c 2 ) 


= 0 . 


(3.26) 

(3.27) 


noayaacM ncxoaiiBic noaa (3.3) b chctomo 3apaaceHHoro c(])epiiHecKoro koiipcm- 
caTopa. 

OKOHHaTeabHo iiaxomiM, hto b chctomo Bpamaiomcroca ripi-ioopa. npn no- 
KoameMca lapa'/KcimoM ccjiepHHecKOM KonacircaTope. aoaacHM (coraacHO KJiac- 
ciinecKoro h peaaTHBHCTCKoro ripn6an>Kcnna) pcri-icTp h po b a tb ca aaeKipme- 
CKiie h MarHHTHbie noaa (3.17), (3.22), (3.23), T.e. 

E'bbh = 0? H'bbh = 0; 


E'i 2 = 


E 


12 


■\ll-V 2 /c 2 


h; 


12 


[V x E 12 ] / c 

Vl -V 2 /c 2 


E' bh = 0, H' bh = 0. 


(3.28) 
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Co6nioaeHHe HHBapnaHTHOCTH ypaBiieniiii ttc KTpo.Tn 11 a mhkii iipn ncpcxo/ic H3 
HOKOHIHCHCH CHCTCMBI OTCHCT3 BO BpailUlIOIHyiOCH H o6paTHO H COOTIO/ICIIHC 
iipimniina othochtcjibhocth b paccMOTpeHHOM cnynae, Kaic oy.TTo, cootbctct- 
ByeT iipiiMCHHMOCTH KJiacciiHecKoro h penaTHBHCTCKoro iipHO^HVKCimii k pac- 
CMaTpuBaeMOH 'ia/janc (kohkpotho - cjjopMyn npcoopaTOBaiiHii nonen KJiaccHHe- 
ckoh h peiMTHBHCTCKOH 3 ji c k Tpo ,1 h ii a m n kh) , o/inaKo o 611 a py vie n b 111 a h c >i Hecojie- 
HOH^antHOCTB MarHHTHoro noun h He33MKHyTOCTB chtobbix jihhhh MarHHTHoro 
nona ot c^cpn'iccKoro 3apa>Kcimoro Kon/icncaTopa HacTOJiBKO npoTHBopenm 
yCTaHOBHBIHHMCfl npCTCTaBTCIlHTM O MarilHTIlBIX nonax, OCHOB3HHBIM Ha Jia6o- 
paTopHtix naoTio/iennsix. hto B03HHKaioT cepbe3Htie ocnoBannsi no.TBcprnyTB 
COMHOHHK) lipHMCIIHMOCTB KJ13CCH'ICC KOTO H peJISTIlBHCTCKOTO npn6lIH>KeHHH H 
npiinniina othochtcjibhocth k paccMaTpHBaeMOH aa/ianc. Xoth. c Tpyroii CTO- 
poHBi, HaHAeHHBie b cucTeMe npn6opa noun E' BB „ = 0, E' BH = 0 h H' bbh = 0, 
H' bh = 0 (3.28) b npocTpaHCTBe BHe bhcihhch h BHyTpn BHyTpeHHen cificp koh- 
.TcncaTopa isriojiiic cooTBeTCTByioT ooinenpmiTTBiM npe.TCTaBTCiiHsiM. ocHOBaH- 
HBIM Ha Jia6opaTOpHBIX IiaOTIO/lCIlHTX. H He BBI3BIBaiOT B03pa)KeHHH, TaK KaK H 
hcxo/uibic nona b sthx npocTpaHCTBax t3k>kc 6bijih paBHBi iiy.xio E BBH = 0, 
E bh = 0h H bbh = 0, H bh = 0 coraacHO (3.3). 

y>Ke Ha .Tanno m 3Tane, npn cpaBHeHHH pe3yjiBT3TOB (3.6) h (3.28) ttji 
3JieKTpHHeCKHX H M3THHTHBIX nOJICH B CHCTCMe UpHOOpa OT /IBHA'yiHHXCH OTHO- 
CHTeJiBHO 3Toro npnoopa 3JicKTpHHecKHX iapn.TOB Kon/icncaTopa (b nepBOM cny- 
nae npn6op iiokohtct b “.TaoopaTopnon” chctcmc OTcncTa, a japn.TBi Koincnca- 
Topa ziBHJKyTca; bo btopom cjiynae, Hao6opoT, iapn.TBi KoiiTcncaTopa hokottct b 
“ jiaGopaTopHon” chctcmc OTcncTa, a npnoop tbhvkctct). noJiyncHHBix npn ,to- 
nymcHHH npHMeHHMOCTH k 3a/ianc KJiacciiHecKoro h pc t a t n b nc t c k oro npn6iiH- 
aceHHH, o 611 a py tc n b a io tc h cymecTBeHHBie otkjiohchim ot npnHunna othoch- 
TeJiBHOCTH. B paccMaTpHBaeMBix rip hot hat n mix BpameHne npn6opa othoch- 
TejiBHo iiokohiuhxch Ha noBepxHocTH 3 cmth b TaoopaTopnon chctcmc OTcicTa 
iapuTOB Kon.TcncaTopa OKaTBiBacTCT He 3 kb n b ancmil b i m (npn OTHiiaKOBoil ot- 
HocuTejiBHOH cKopocTu) BpainciiHio japanon Kon/icncaTopa oTHocHTejiBHo no- 
KOTiiicrocT Ha noBepxHocTH 3 cmth npn6opa. Movkct noKasaTBCH, hto ctojib 
3H3HHTeJIBHOe (b npn6lIH>KeHHH VIC) OTJIHHHC pC3yJIBT3TOB (3.6) H (3.28) MO'/KCT 
6bitb oTHeceHo 3a chct 3(]x[)cktob. paccMaTpHBaeMBix b o6meH Teopnn othoch- 
TejiBHocTH. H mojkho 6bijio 6bi (jjopMajiBHo cocjiaTBoi Ha bo3mo>khoctb pa3pe- 
uieHHH Ba/iann MCTO.iaMH OTO, KaK sto h c.TCTano b [32], o/inaKo HeKOTopBie 
npHHHHnHajIBHBie MOMeHTBI HCKJIIOHaiOT B03M05KH0CTB IipHMCIICIimi MCTO.TOB 
OTO k paccMaTpHBaeMOH 3 TcKT po.Tn11a m hh cc ko ii 3a,Tanc. ITpn /lociaTonno 
6 ojibihom pa.THycc iapTVKcniiBix cificp Kon/icncaTopa tbutcciiiic lapn.TOB koii.tcii- 
caTopa OTHocHTejiBHo perncTpupyiomero npn6opa movkiio paccMaTpiiBaTB KaK 
npaKTHHecKH npxMOTHiieiinoe h paBHOMepHoe, O.TiiaKO H3 cpaBiienmi peayTBTa- 
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tob (3.6) h (3.28) ncnocpencTBcnno cnc/iycT, hto otjihhhc sthx pe3ynBTaTOB 
Bccr/pi ocTacTca b nepBOM npn6nH5KeHHn VIC, bhg 3aBiicnMOCTii ot CTeneHH 
HeHHepunajiBHocTH Bpainaiomenca chctcmbi. Ecjih hcxo/ihtb m coBpcMcnnBix 
npeACTaBneHHH KJiacciiHecKOH h pc.ihthbhctckoh sjieKTpoAHHaMHKii 06 othocii- 
TentHOCTH MarHHTHoro nona, to b cnynac (3.28) sth npe/iCTaBJieniia jib no Ha- 
pymaioTca. Pa3JiHHne MC>K/iy pac c m a Tp n b ac\ti,i m n cnyHaaMH (3.6) h (3.28) 3a- 
KJiioHaeTca tojibko b tom, hto b nepBOM H3 hiix ycKopemie Bpainenna .tchctbvct 
H a 3JieKTpnHecKHe 3apa/iBi Kon/icncaTopa, a bo btopom - Ha perncTpupyEomnH 
npn 6 op. Ecuh /ioiivcthtb, hto noaBnemie MarHHTHoro nona b npocTpaHCTBe 
okojio 3jreKTpHHecKHx iapa.ioB b nepBOM cnynae o 6 ycnoBneHo Bee ace achctbh- 
eM ycKopenna Bpamenna Ha sneRTpiiHecKHe 3apa/iBi Kon/icncaTopa. a He Hann- 
HHeM OTHOCHTeUBHOH CKOpOCTH /IBI-T/KCHHa. TOr/ia CTailOBJITCJI IlCriOIlJITIIBIMH 
npiiHHHbi noaBJieniia MarHHTHoro nona b npyrnx xoporno h3bccthi>ix h npoBe- 
peHHbix Ha npaKTHKe cnynaax (3.7), Kor.ua sneKTpiiHecKHe 3apa/iBi ABHacyrea 
OTHOCHTenbHO npn 6 opa paBHOMepHO h npaMonnHeifflo, He HcroiTBiBaa ycKope- 
hhh Bpainenna. 

MHoroHHCneHHbiMH JTaoopaTopiiBiMH na6nioncnna\in noKa’jano, hto 3aK0H 
Eho - CaBapa (3.7) OKasBiBacTca b paBHOH CTeneHH c n p a b e n n n b bi m KaK ana 
npjMOJIHHeHHBIX, TaK H flna KpHBOnHHeHHBIX 3-3CKTp HHCCK H X TOKOB B TOM CHy- 
nae, ecnH sneKTpiiHecKHe 3apam>i tokob ABHacyrca OTHOCHTentHO iienonBnnciiBix 
Ha noBepxHOCTH 3eMHH npn6opoB, a He Hao6opoT. EtpuneM nanpaacennocTB 
MarHHTHoro non a (3.16) onpencnacTca npn stom toubko a6conioTHOH BemiHH- 
hoh CKopoeTH ABHAcnna aapanoB V oTHOCHTenBHO ncno.iBHAiiBix Ha 3eivrae 
npn6opoB, a He H3MeHeHHeM stoh ckopocth dV/dt bo BpeMemi. Hcooxo.thmo 
OTM eTHTB, hto ao nacToamero BpeMeHH npo6neMa ycTanoBnenna c|)H3HHecK0H 
B33HMOCBa3H MCA'A)' 3JIC KTpO M3 HI HT II BIMH H ipaBHTaHHOHHBIMH IIOJIJIMH B OTO 
ocTaeTca noKa He pemeHHOH [25, 35, 36], h paccMOTpeHne coBMemeHHBix ’janan 
(T.e. paccMOTpefflie KOHKpeTHBix 3 jt c kT po m arnn t n bi x aBnennii b rpaBHTamioH- 
hbix nonax h bo Bpamaiomnxca cncTeMax) BCTpenaeT npuHHHnnajiBHBie Tpynno- 
cth [20, 36-38]. B pe3ynBTaTe MHorne TaKoro pona ’janan n b OTO ocTaioTca 
HepaccMOTpeHHBiMH, h ccbiukh Ha KaKyio-To bo3mo>khoctb hx pajpemeiiHJI Me- 
toa3mh OTO [32] ncooocnoBaiiBi. 

Pa3yMHoe pa3pemeHne “napanoKcoB” h nocTpoeHHe npaBnnBiion (j)H3HHe- 
ckoh Teopnn paccMaTpHBaeMoro aBnenna aojdkho ocHOBBiBaTBca, npeacAe Bcero, 
Ha 3KcnepHMeHTajiBHO npoBepeHHBix h He BBi3BiBaiomHX coMHeHna (JjaKTax, a He 
Ha BBiBOAax HMCioinnxea Teopmi, nycTB nance yKopeffliBHinxca. IIosTOMy npn 
coBMecTHOM paccMOTpeHHH peiynBTaTOB (3.6) h (3.28) cnenyeT o6paTHTB bhh- 
MaHHe, npeacne Bcero, Ha to, hto pe3ynBTaTBi (3.6) eooTBeTCTByioT (no Kpailnen 
Mepe b npnonHAennn VIC) na6opaTopHBiM naomoncnnaM h nonTBepncnaioT (b 
tom ace npn6iiH>KeHHH) BOiMoncnyio npHMeHHMOCTB b ncno.iBHAnon «na6opa- 
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tophoh» CHCTeMe OTC'iCTa ypaBiicnnii MaKCBenna (3.3.4) He tojibko k npuMonn- 
neiino h paBHOMepHO .ibh/Kyihhmch lapA/KennuM cncTeMaM, ho h, b paBHOH 
CTeneHH, k bbho ncHnepniranBiiBiM Bpamaiomi-iMca cncTeMaM. Pe3ym>TaTBi >Ke 

(3.28) nonyneHti hcxo/w H3 anpnopiiBix /lonymeniiii (h toubko!) npiiMeffliMOCTH 
k peantHO naomo/iacMBiM b neno/iBHAnoii “naoopaTopnon” CHCTeMe otcictb 
3JieKTpHHecKHM h MarHHTHtiM nojiBM (3.3) (fiopMyn npeoopaiOBaima nonen 
KJiaCCHHeCKOH H peUBTHBHCTCKOH 3JieKTpOflHHaMHKH (3.17), (3.22), (3.23), KOTO- 
pBie, Boo6me-To, bbibc/iciibi h3 ^eHCTBHTenBHo iraomo/iacMBix hbjtchhh, hmcio- 
miix MecTO npn noKOHineMCH b neno.iBHAiioH “jTaoopaTopnoii” CHCTeMe OTcncTa 
npn6ope h .ibhaviucmch sneRTpunecKOM lapa/ie (3aKOH Eho - CaBapa (3.7), 
(3.8)), a He Hao6opoT. Ecnn hcxo/ihtb H3 BH/ia nan/iemiBix MarHHTHBix nonen 
H '12 (3.28) b .iBHAymciicJi CHCTeMe OTcneTa, He eooTBeTCTByiomero peanBHBiM 
naOJnO/ICHHIIM. TO HMCIOTCH BCe OCHOBaHIM riO.lBCpniyTB COMHeHHIO npHMeHH- 
moctb npeo6pa30BaHHH noneii KnacciiHecKOH h p cji h t n b n ct c ko ii jncKTpo/inna- 
mhkh h ypaBiicima MaKCBenna /urn .iBHAymcilcH oTHOCHTenBHO noBepxHOCTH 
3eMHH CHCTeMBi OTcneTa. Xotb, onaih >Ke, paBeHCTBO Hynio 3Jicktphhcckhx 
E'bbh = 0, E'bh = 0 h MarHHTHBix H' bbh = 0, H' bh = 0 nonen b CHCTeMe npnoopa 

(3.28) , £BH)Kymeroc5i b npocTpaHCTBe, r/ic E BBH = 0, E BH = 0 h H bbh = 0, H bh = 0 
cornacHO (3.3), ctohb oneBH/ino, hto HeT HHKaKHX ocnoBannii no/iBcpraTb co- 
MHeHHio aeHCTBHTenBHoe oTeyTCTBue sneKTpHnecKHx h MarHHTHBix nonen b 
,tbh AynicHCH CHCTeMe OTcncTa, conn b noKonmeHcn CHCTeMe OTcneTa b pac- 
CMaTpnBaeMBix npocTpaHCTBax sncKTpu'iccKHC h MarHHTHBie nonn TaioKe OTcyT- 
CTByiOT. 

4. PaccMOTpiiM iiocnc/iimi'i cnynan, Kor/ia aapHAcniiBiii c(JjepiraecKHH koh- 
/icncaTop h perncTpupyiomHH npn6op onnoBpcMCimo ynacTByioT bo Bpama- 
TenBHOM nBHAcnini OTHOCHTenBHO ncnonBHAnoii “naGopaTopnon” cucTeMBi 
OTC'iCTa. OnpcncnHM sncKTpu'iccKHC h MarHHTHBie non a b CHCTeMe npn6opa. 
ripc/iBapHTcnBno 3aMeTHM, hto OTBicKHBaeMBie HaMH nona bo BpamaiomencH 
CHCTeMe OTcneTa MoryT 6 bitb nan/icnai noxa tobbro hhcto TeopeTHHecKHMH 
MeTo^aMH, Tax Kax /io nacToamero BpeMeHH b /iBH’/Kymenca OTHOCHTenBHO no- 
BepxHocTH 3c\inn cucTeMe OTcncTa He npoBc/icno hh o/inoro snc k Tponnna mm- 
necKoro 3KcnepnMeHTa (cm. o63opBi [14-18, 39, 40]). O/inaKo oocyvK/iciiHc hhc¬ 
to TeopeTHHecKnx pe3ynBTaTOB TaioKe MoaceT oKaaaTBca none3HBiM b bbiuchchkh 
^eiicTBHTenBHBix cbohctb peanBHoro OKono3eMHoro npocTpaHCTBa. SneKTpune- 
ckhc h MarHHTHBie nona bo Bpamaiomenca CHCTeMe OTcneTa, CBaaannon c 3apa- 
AeHHBiM ctJjepHHecKHM KonnencaTopoM, MoryT 6 bitb nan/icnai cnc/iyionuiMn 
nByMn criocooaMH. 

a) IlpiiMeM non ii (3.6) 3a ncxo/inBic nona b neno/iBHacnon “naoopaTopnon” 
cucTeMe OTcneTa ot Bpainaiomeroca 3apnAcnnoro afiepnHccKoro Kon/iencaTopa 
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(aKucirmpycM BHHMaHiie Ha tom, hto nona ( 3 . 6 ) cooTBGTCTByioT naomo/icimsiM) 
(puc. 4 a). 

B .naHHbix nonax ( 3 . 6 ) iipiiBe/ccM b /ibita'ciihc co ckopoctbk) V = cor pera- 
CTpupyiomHH npn 6 op. Tax Kax perncTpupyiomnH npn 6 op /ibhvkctch b npo- 
CTpaHCTBe nonen ( 3 . 6 ), to b chctomo npn 6 opa (bhobb /coriycKacM npiivieniiMOCTB 
KJiaccHHecKoro h penaTiiBHCTCKoro npn 6 nH>KeHH)i k paccMaTpiiBaeMOH 3 a^ane) 
Aojdkhbi perncTpupo b aT bc a cjie/iyiomne nona (b npH 6 nH 5 KeHnn VIC): 


E" =E' + 

BBH BBH 


—xH' 


— xH' 


=£ 0 , 


E 12 “ E 12 + 


—xh; 


12 


*o. 


( 3 . 29 ) 


E n „ — E+ 


-xHL 


-xHL 


^ 0 ; 


it" _ ii' 

BBH n BBH 


— xE' 


H 


12 


h; 2 - 


-xEl 


= H'bbh * 0 * 

* o, 


( 3 . 30 ) 


H 


ff 

BH 


H' 



*0 


H3 ( 3 . 29 ) nenocpe/icTBcimo cneayeT, hto bo BpamaiomcHcci chctomo oTCHCTa, 
CB 5 I 3 aHHOH C lapH’/KCIIHBIM CCjlCpHHCCKHM KOIl/lCIICaTOpOM, He paBHBie HyjIIO 
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3JieKTpnHecKHe nona aoidkhbi penicTpupoBaTBca He toubko b npocTpaHCTBe 
Meayiy iapjrAximbiMH ajiepaMii KoipicncaTopa, r^e E '12 i 1 0, ho h b npocTpaHCT- 
Be BHyTpeHHen ajiepBi 


„ V 

E" =— xHL 


h b npocTpaHCTBe BHe Biiemneii ccjiepbi 

e;„=-xh m , 

c 

TaK KaK b paccMaTpHBaeMBix npocTpaHCTBax b ncno/iBHVKiioH “naGopaTopnon” 
CHCTeMe OTc i icTa A 0 h M' b[i A 0 cornacHo (3.6). KpoMe Toro, b cucTeMe 
aapH'/Keimoro ajiepiiHCCKoro Kon/icircaTopa (b CHCTeMe, noKoamefica othoch- 
TenBHo iapa/ioB cfJiepH'iecKoro KonncncaTopa) b npocTpaHCTBe KaK BHe, TaK h 
BH yTpn KonpcncaTopa. noMHMO aacKTpiHiccKHX nonen (3.29), /iojivkiibi peracT- 
pupoBaTBca eme h He paBiiBic Hynio ManiHTiiBic nona (3.30). /)a>KC b npocTpaH¬ 
CTBe Menyiy 3apH/KciiiiBiMH c<])cpa\(H KonncncaTopa ManiHTiioc none H' 12 , ncii- 
CTBHTenBHo peTHCTpupyeMoe b ncno.iBH'/KiioH “jTaoopaTopnoii” cncTeMe otchctb 
(3.6), He KOMnciienpycTCH iiomiioctbio “ anc k Tpo,i h na m h 'icc kh m” MarHHTHtiM 
noneM 


V 

c 


xEl 


12 


COTJiaCHO 


h; 2 =h; 


12 


xe; 2 

c 


*0 


(31) 


BBHZiy a b noil HeKOJiJiHHeapHOCTH BeKTopoB H' 12 h [(V/c) x E' 12 ] (coneHOH^aiiB- 
Hoe MarHHTHoe none H' 12 TontKO b 3KBaTopnan bi roil o6nacTH coiiiianacT no Ha- 
npaBneHHio c noneM [(V/c) x E' 12 ], KOTopoe bo Bcex TOHKax npocTpaHCTBa Menc- 
/iy 3apH>KcimBiMH ajiepaMii Koii/ieiicaTopa Bcer/ia KacaTcnbiio k a])cpc, KOHueH- 
TpHHHOH aJicpaM Koii/ieiicaTopa). MOK'ny TeM KaK npn nocTynaTcnBiiovi npaMO- 
nnHeiiHOM nepeMemeHim sneRTpimecKiix 3apa;ioB TaKaa KOMneHcamia Bcer/ia 
HMeeT MecTo. TaKHM o6pa30M, nonyneHHtie cooTiiomcniiJi (3.29) h (3.30), b oc- 
HOBe KOToptix OTpavKciiBi /iciicTBiiTcnBiio naomo/iacMBic b “naoopaTopnoii” chc- 
TeMe oTcneTa sneKTpiinecKHe E' BBH = 0, E' [2 ^ 0, E' BH = 0 h MarmiTHbie H' bbh ^ 0, 
H' 12 ^ 0, H' bh ^0 nona (3.6) ot BpamaioiHcroca 3apa>Kciiiioro ctliepiiHCCKoro 
KOH/ieHcaTopa, onpoBepraioT oomenpmiaTBie npe/icTaBJieima o tom, hto b chc- 
TeMe nBHVKyiiicroca (nnn Bpamaiomcroca) otiiochtcjibiio noBepxHocTH 3eMnn 
aneKTp 11 ’icc ko ro japa/ia ManiHTiioc none Bcer.ua nonvKiio ocTaBaTbca paBHbiM 
Hynio, aiianoni'ino KaK sto HMeeT MecTo b cnynae noKoameroca otiiochtcjibiio 
noBepxHocTH 3eMnn sneKTpnnecKoro iapa/ia. Oiuh6ohhoctb yKopcniiBiiiiixca 
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npeACTaBneHHH, KaK OTMeHanocbynce Btime, 3aKJii0HaeTcn b tom, hto /to Ha- 
CTonmero BpeMeHH b (J)H'iHKC CBoilcTBa peantHoro OKOno3eMHoro npocTpaHCTBa 
rpaBHTaiiHoimoro noun h “(j)H3HHeGKoro BaKyyMa” Heo6ocHOBaHHO iipupaBini- 
Baitvrcn k CBOHCTBaM HeKoero “nycToro” CHMMerpHHHoro npocTpaHCTBa CTO 
huh CHMMGTpHHHoro npocTpaHCTBa OTO. B peay-BBTaTC rio,To6iiBix anpuopHbix 
/lonymenim. cucTOMa OTCHera, cBncaiman c TaKHM MacciiBHtiM rpaBHTHpyiomHM 
TOJIOM, KaKHM nBJMCTCn ICMJTfl. IipilIlHMaCTCn 3KBHBajieHTHOH no CBOHM (])H3HHC- 
CKHM CBOHCTBaM, HanpHMep, JIK)6oH /IBHVKymCHCJI OTHOCHTeUBHO nOBepXHOCTH 
3eMHH cucTeMe OTcneTa, coocTBcniian rpaBHTiipyioman Macca KOTopon hhhtohc- 
ho MaJia. Ecuh nee hcxo^htb H3 yneTa peanbHbix (})H3 hhcckhx cbohctb okojio- 
3eMHoro npocTpaHCTBa, noJiHOCTBio onpe/iCJiflCMBix npeoOJia/caioiHHM rpaBHTa- 
hhohhbim noneM 3eMHH, to iicooxo/ihmo /ih(|)<]) epe n 1 1 h po b aT b cocTonmin noKon 

H .TBH/KCIIMH 3JieKTpHHCCKHX 3apn,TOB (h ,Tp\THX MajIBIX Ten) B ipaBHTapHOHHOM 
none h b “(|)H3hhcckom BaKyyMe” 3cmjih. CocTOJmne noKon h /iBHVKeimiin sneK- 
TpimecKoro iapn/ia b ycnoBiinx Ha noBepxHOCTH MaccHBHoro rpaBHTupyiomero 
Tcna 3eMHH (cocTomme noKon b “naoopaTopnoM” cucTeMe OTCHCTa) MonceT obitb 
cymecTBeHHO othhhhbim ot cocTonmin noKon h ,tbh>kciimm stoto nee 3apn/ia b 
0K0JI03CMH0M npocTpaHCTBe. 

6) IlyCTB C(})CpHHCCKHH iapH'/KCIIHBIH KOIl.TCIICaTOp IIOKOHTCH B IICnO.TBHVK- 

hoh “naDopaTopnoil” cucTeMe otcictb. IlpHMeM noun (3.28) 3a hcxo/hibic noun 
bo BpanjaiomeHcn othochtcubho noBepxHOCTH 3cmhh chctcmc otchctb (aKueii- 
THpyeM BHHMaHHe, hto noun E ' 12 ^ 0 h H ' 12 ^ 0 H3 (3.28) noJiyneHti hhcto Teo- 
peTHHecKH h He cooTBeTCTByioT peajiBHBiM nonnM (3.6)) (puc. 4 - 5 ). 

rip HBC.TCM 3apnnceHHbiH ccJjcphhcckhh Koii.TCiicaTop bo BpameHne c yrno- 
boh CKopocTbio co, paBHOH yrnoBOH CKopocTH Bpameimn perncTpupyiomero 



Phc. 4-5 



142 


3JIEKTP0^HHAMHKA <MI3IIHECKOrO BAKYYMA 


npnOopa. Taic KaK Bpamcimc Kon^cncaTopa othochtgjibho npn6opa oy.TCT npo- 
hcxoahtb b nonax (3.28), to b chctomo npn6opa (b penaTiiBHCTCKOM npiiOiiHace- 
hhh) 6yaeM hmctb E '12 -L H '12 h V= cor) 

e m -(v/c)xh;, 


E" = - 


^|^V 


2 / 2 
' C 


E " _ 

12 “ 


e; 2 -(v/c)xh; 


12 


= 0 , 

E 




!2-(r /c )E,J _ E 


-V 2 /c 2 


1 -V 2 /c 2 


12 ’ 


(3.32) 


r E m -(V/c)xH m q 




2 / 2 
' C 


H, COOTBeTCTBeHHO 


11" 

BBH 


h; bh + (v/c)xe' be 


l 


1 -v 2 !c 2 


= 0 , 


_ h; 2 +(v/ C )xe; 2 

Jl-V 2 /c 2 


~(V/c)xE 12 (V/c)xE 12 

\-V 2 /c 2 l-V 2 /c 2 


(3.33) 


H 


BH 


h' bh + (v/c)xe; h 
yll-V 2 /c 2 


T.e. b CHCTeMe npn6opa noJiynaeM hcxo.tiibic nona, cooTBeTCTByiomne noJMM b 
H enoflBH>KHOH “jraoopaTopnoH” chctomo OTcneTa ot iicno.TBH>Knoro iapci’A'cimo- 
ro cc])cpH l iccKoro KonaencaTopa (3.3). B /lannoM cjiynae 3aaaHa pacpcmacTca b 

HHBapH3HTHOM BI-ITC, O.TIiaKO B IICXO.THBIX npC.inOCBLBKaX 6 bIHH IipHIlHTBI nona 

(3.28) , KOTOpBie 33 B CTO MO BBI3BIBaiOT CepBe3HBie B03pa>KeHH)I. 

TaKHM o6pa30M, H3 naiTTcniiBix pememiH ana noneii b chctomo Bpamaio- 
meroca 3apa>Kciinoro ajiepHHCCKoro KonacncaTopa (3.29), (3.30) h (3.32), (3.33) 
6onee npneMJieMBiMH iicooxo.thmo cncTaTB Te panama, KorapBie b ootbihch 
CTeneHH 6a3HpyioTca Ha naoopaTopiiBix HaojnoTCiiHax. T.e. panama (3.29), 
(3.30). OpiiaKO IICOOXO.THMO OTMeTHTB, HTO eCIIH TOHCTBHTCTBIIO npHHaTB 3a 
ocHOBy BBiaBJiaiomyioca b pe3ynBTaTax (3.3) h (3.29), (3.30), a tbiokc b (3.6) h 

(3.28) (npii hx coBMecraoM paccMOTpciiiiii) acHMMeTpuio noKoamciica h tbii- 
acymenca otiiochtctbiio noBepxHOCTH rpaBHTupyiomero Tena 3 cmth cucTeM 
OTC'icTa, to coothoi nenna (3.28), (3.29) h (3.30) 6yayr hmctb iicckotbko hhoh 

aCHMMCTpH'IIlBIH BUT. 

CpaBHHBaa noTy l iciniBic pe3ynBTaTBi .ana tjicktphhcckhx h Marm-mmix no- 
nefi ot noKoameroca h Bpamaiomeroca 3apaaceHHoro a])cpHHCCKoro KoiiTenca- 
Topa b noKoamcnca h bo Bpainaiomciica cucTeMax oTcneTa bo Bcex ncTiapcx 
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paccMOTpeHHbix cnyHanx (3.3), (3.6), (3.28), (3.29) h (3.30), mo>kho 3aMeTHTB, 

HTO HI! KJiaCCHHCCKHC, HI! pCHMTHBHCTCKHC MCTO.IBI 3JieKTpOflHHaMHKH He ,3aIOT 
B03M0)KH0CTH HaHTH IICnpOTHBOpC'IHBOC pa3pemeHHe 3-3 C KTpO.l HI la M H nee ko ii 
3a^aHH c iapa’A'cniiBiM cc^epunecKHM KonncncaTopoM. KpoMe Toro, ecnn npn 
OTBicKaHHH nonen ot noKOHmerocji (3.28) h ot Bpamafomcrocn (3.29), (3.30) 
iapnvKcimoro ccjiepHHecKoro KonnencaTopa bo Bpainaiomeiicn othochtcjibho 
noBepxHOCTH 3 cm.™ CHCTeMe OTcncTa hcxo.ihtb H3 peantHO naomonacMBix no- 
nen b noKOJimeHca “aaoopaTopnoH” cucTeMe OTcncTa (ororn> nee ot noKonmcro- 
cn (3.3) h ot Bpamaiomcroca (3.6) iapavKximoro ceJicpuHCCKoro KonnencaTopa), 
to npocMaTpuBaeTca onpcnencnnan laKonoMcpnocTB, hto b npocTpaHCTBe oko- 
jio noKonmerocH oTHocHTentHo noBepxHOCTH 3cm.™ aneRTpunecKoro 3apnna 
( KaK b noKoameiicH. Tax h bo Bpamafomciicn otiiochtc-Xbuo noBepxHOCTH 3cm.™ 
CHCTeMe oTcneTa) hoidkho p e r h crp h po b a t b c h tohbko ohiio aneRTpunecKoe none 
KynoHOBCKoro Tuna (3.3) (bobmovkiioctb cymccTBOBaima n c con c n o unan b noro 
MarHHTHoro noun H'i (3.28) HCKraonaeTcn). Meneny TeM KaK ot /iBi-T/Kymcrocfl 
OTHOCHTeJiBHO noBepxHOCTH rpaBHTHpyiomero Tena 3cm.™ nncKTpuHCCKoro 3a- 
pnna MarHHTHoe none non>Kno perncTpupoBaTbcn KaK b noKonmencn (3.6), TaK n 
b /iBi-ivKynicHCfl BMecTe c iapnnoM cncTeMe oTcneTa (3.30). 

TaKHM o6pa30M, yno Bn ct b o p i-i t cn b n oc pa3pemeHne 3n c KTpon n i i a \i hh cc ko ii 
3a^ann c BpamaioimiMcn japaneeimBiM c^epnnecKHM KonncncaTopoM H3BecT- 
hbimh MCTonaMH npencTaBnacTCH bo3mo>khbim TonBKO npn po non n bit cn biiom 
nonyincnim. hto OKono3eMHoe npocTpaHCTBO rpaBnTannoHHoro nonn n “(])H3H- 
HecKoro BaKyyMa” uponBnncT 3aMeTHO BtipaneeHHbie acnMMeTpnHHbie CBOHCTBa 
nna 3aKOHOB 3neKTpoMameTn3Ma b noKonmencn h b nio6on npon3BonbHO hbh- 
neymencn (b tom nncne Bpamaiomencn) OTiiocHTcnBiio noBepxHOCTH 3eMnn cnc- 
TeMax OTcneTa. Ilpn Bpamcnnn 3apn>Kcnnoro Tena, coocTBcnnan rpaBHTiipyio- 
man Macca KOToporo Mana, b none MaccuBHoro rpaBHTHpyiomero Tena 3c\inH, 
MarHHTHoe none ot Bpamaiomcrocfl lapnneeimoro Tena nonneHO periicTpupo- 
BaTBcn KaK b noKonmencn, TaK h bo Bpainaiomcncn BMecTe c 3apnvKcniiBi\i TenoM 
CHCTeMe OTcneTa. Ilpn BpameHim nee 3apnneeimoro Tena, CBHiannoii c TaKHM 
MaccHBHBiM rpaBHTHpyiomHM TenoM, KaKHM nBnneTcn 3 cm.™ (BpameHne 3apn- 
nceHHOH 3eMnH b ncnovt), ot nncKTpuHCCKHX lapnnoB, rioKomnnxcn Ha noBepx- 
hocth 3eMnn (iiokohihhxch b “naoopaTopnon” cncTeMe OTcicTa) ManmniBic 
nona He pcrncTpupyioTca hh b noKonmciicn. hh bo Bpamaiomciicn (noKanBiio 
imh rnoOanbHo) OTiiocHTcnBiio noBepxHOCTH 3eMnn cncTeMax OTCHCTa. Bbmb- 
nnioinnccn acHMMeTpiiHHBie one KTpon n 11 a m h h cc k n e HBneniia (3.3), (3.29), (3.30) 
n (3.6), (3.28), KOToptie nonvKiiBi nMeTb MecTo b hokohihchch n bo BpamaiomeH- 
cn OTHOCHTentHO noBepxHOCTH 3eMnn cncTeMax OTcneTa, He nBnnioTcn CTonB 
HeoncnnaHHbiMH b nne kt ponnna m n kc pcanBiioro oKono3eMHoro npoerpaHCTBa. 
fl p c,nc k as bi b ac mbi c TeopeTHHecKH nn cKTpon n 11a m h h cc khc 3aK0H0MepH0CTH bo 
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Bpamaiomuxca othochtcjibho noBepxHOCTH 3 c Man cncTeMax OTCHcra npcacTaB- 
naioT coooii anaaor y>Ke h3bccthbix h upaKTH'iccKH ncnoni>3yeMi>ix oriTHHCCKHX 
3aK0H0MepH0CTeH bo Bpainaioninxcn othochtcjibho noBepxHOCTH 3 CMaii chcto- 
Max OTCiCTa, naoaioaacMBix b om hhcckoh ycTaHOBKe Tuna CaiiBJiKa n b onTH- 
necKnx rnpocKonax [22-24, 34, 41-44], KOTopBie Taioice b npn6nH>KeHHn VIC 
o6Hapy>KHBaK)T acuMMCTpuHiiBic CBOHCTBa OKOno3eMHoro npocTpaHCTBa b ot- 
HOmeHHH BBipaVKCima 3aKOHOB OnTHKH B HOKOHIHUXCH H BO BpamaiOIlIHXCH OT- 
HOCHTentHO noBepxHOCTH 3cMan cncTeMax OTcneTa. 

Anaan'inpya pa3JiHHHBie 3a c k Tp o m a r n n t n w c HBaeHHS h conociaBaaa pe- 
3ym>TaTBi 3KcnepnMeHTOB b iiokohihchch n bo Bpainaroineiicn oanocHTcabno 
noBepxHOCTH 3cMan cncTeMax OTCiCTa, CBrnannux c omi-i'iccKon ycTaHOBKon 
Tuna CaiiBaKa (coocTBcnnan Macca KOTopon hiihtojkho Maaa no cpaBHemiK) c 
Maccon 3c\ian), c pe3yni>TaTaMH tcopcthhcckhx pacneTOB saeKTpnnecKHX n 
MamnTHBix nojien b hokohihchch n bo Bpainaiomcncn oanocHTcabno noBepxHO- 
cth 3eivmn cncTeMax OTCHCTa, CBmannbix c iapaaccmiBiM crficpn'iccKHM Konacn- 
caTopoM (coocTBcnnaa Macca KOToporo Taioice hhhtodkho Mana no cpaBHeHioo c 
Maccon 3c\ian), modkho oonapyvKHTb hbiioc canncTBO b npoHBaenim ohthhcckhx 
h 3acKTpoan11a mh h c c k h x 3aK0H0MepH0CTen b noKoamciica n b aBHVKyincnca 
othochtcjibho noBepxHOCTH 3 CMaii cncTeMax OTcneTa. 3 to canncTBO 3aKOHOB 
onTHKH n 3a c KTp oa n 11 a m n k n b 0K0H03eMH0M npocTpaHCTBe ripoaBaacTca b tom, 
hto b coctohhhh iioKOH oiithhcckoh ycTaHOBKH h sapHVKcnnoro C(|)CpH l ICCKOrO 
KonacncaTopa OTiiocnTcaBiio noBepxHOCTH 3cMan b hokohiuchch othochtcjibho 
noBepxHOCTn 3cMan “naoopaTopnoit” cncTeMe OTCiCTa cKopocTB CBeTa ocTacTca 
Bcan'iinioil iioctohhhoh C = const npn ooxopc KOHTypa omi-i'iccKon ycTaHOBKH 
b paaainniBix iianpaBaennax (hto cooTBeTCTByeT C = const bo Bcex HanpaBJieHii- 
5ix b iicnoaBH'/Kaioil Ha noBepxHOCTH 3c\ian cncTeMe OTcneTa [27-30, 45-51]). 
Aiianon-innaa aciiMMCTpHnnan CHTyanna o6Hapy>KHBaeTC5i n c aacKTpHHCCKHMH 
h MamnTHBiMH rioaaMH b npocTpaHCTBe okojio japnvKcnnoro caJicpuHCCKoro 
KonacncaTopa KaK BHe, Tax n BHyTpn Hero. 3acKTpHHCCK0C none KynoHOBCKoro 
Tuna E = q/(sr) cymecTByeT ToaBKO b npocTpaHCTBe Moray sapHVKcnnbiMH c(])c- 
paMn KonacncaTopa, npn noanovi OTcyTCBnn MamnTHBix noaeil KaK BHe, Tax n 
BHyTpn ctJiepHHecKoro KonacncaTopa. Ecan >Ke om HHCCKyio ycTaHOBKy CaHBjnca 
h aapaaccnnian c(J)epnHecKHH KonacncaTop npuBecTH bo Bpamemie oanocHTcab- 
ho noBepxHOCTH Tena 3cMan c yraoBoil cKopocTBio co, to b cncTeMe OTCiCTa, 
CBS3aHHOH c Bpainaiomcncn orn n'iccKoil ycTaHOBKon [16, 18-34, 41-44] h Bpa- 
inaioinnvica aapavKoniibiM crficpn'iecKHM KonacncaTopovi (3.29), (3.30), oonapy- 
miBaioTca HOBBie aBacnna npupoaia. 3 th aBaenna npoaBamoTca b tom, hto bo 
B painaiomcnca onTHHecKoil ycTaHOBKe Tuna CaHbjnca ckopoctb CBeTa b npn- 
oanvKcnnn VIC OKaibiBacTca acHMMeTpHHHOH no nanpaBacnmo Bpaincniia h 
npoTHB h aaBHcmncn ot cKopocra nepeMememni V on = coR on onTHHecKoil ycTa- 
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hobkh oTHocHTentHo noBepxHocTH 3 cmjih (t.c. cKopocTt cBeTa bo Bpamaiomeii- 
c n ciicTeMe OTC'icTa onpenenneTcn cooTHomeHiieM C=C 0 ±co7? on = C ( , ± <o V on 
[18, 22]). H b CHCTeMe Bpaipaiomerocn aapji’/Kcniioro c(])cpH l iccKoro Kon/ienca- 
Topa, TaK>Ke b npn6nH>KeHHn VIC, o6napy> khb ac t ca co6cTBeHHoe vianiHTnoc 
none H'WO, H" bh ^ 0, H" 12 ^ 0 (3.30), onpenenaeMoe TaKnce CKopocTbio hbh- 
VKCima lapn/ioB iapa’A'cniiBix ccjiep Koii.acncaTopa V\ = cori h V 2 = co r 2 
OTIIOCHTCJIBHO nOBepXHOCTH 3CMHH (T.e. B CHCTeMe /IBHA'y IHCrOCfl HUH 
Bpamaiomcrocfl OTHOCHTenbHO noBepxHocTH 3c mhh oneRTpunecKoro iapn/ia q, 
noMHMO ojieKTpHHecKoro noun E = q/(er 2 ), oonapyAHBacTcn cooctbciiiioc He 
paBHoe nynio MarHHTHoe none 

H = —-^-sin(V,r) . (3.34) 

c r 

TaKHM o6pa30M, y>Ke /iaBiio oOHapynceHHoe b onbuc Tuna CaiibHKa HOBoe onra- 
necKoe hbjiciihc iipuponai bo BpamaiomeiicH oTiiocHTcnBiio noBepxHocTH 3eMnn 
CHCTeMe oTcneTa h name/imec ce6e ynce mnpoKoe npaKTunecKoe iipuMcnciiHc 
[34, 41^13], npcncTaBnncT co6oh TontKO nacTHtra cny'iail pcanano cymecT- 
Byiomero 6onee o6mero HeH3BecTHoro paHee ane k rpo/inna mhh cc ko ro HBncima 
npupo/ibi bo Bpamaiomcilcfl OTiiocHTcnBiio noBepxHocTH 3 cmjih cucTeMe oTcne- 
Ta (3.29), (3.30), npaKTunecKoe Hcnoni>30BaHHe KOToporo b painuniibix o6nac- 
rax HayKH h TexHHKH npcncTaBnncTcn BectMa nepcneKTHBHbiM. 

Ha ocHOBaHHH ripoBcncniiBix uccnc/iOBannii mo>kho cncnaTb cnc/iyiomne 
BBIBO.HBI. 

1) JJflfi OKono3eMHoro npocTpaHCTBa rpaBHTaHHOHHoro nonn h (|)H3hhccko- 
ro BaxyyMa om h'icckhc hbuciihsi b iiokohihchch OTiiocHTcnBiio noBepxHocTH 
rpaBHTHpyiomero Tena 3 cmjih CHCTeMe OTcneTa, b npnOnHnceHHH VIC, OTni-i'niBi 
ot om hhcckhx HBncniiii b npoH3BonbHO /iBiivKymeiicn (b tom nncne Bpamaio- 
mcHcn) OTHOCHTenbHO noBepxHocTH 3eMnH cucTeMax OTC'iCTa. HoBbie oirni'ic- 
CKne 3aKOHOMepHocTH bo BpamaiomcHcn OTHOCHTenbHO 3 cmjih cucTeMe oTcneTa 
ynce naxo/WT ce6e npaKTiinecKoe npuMeHeHiie b naBHrannoniiBix cucTeMax. 

2) JIjifL OKono3eMHoro npocTpaHCTBa rpaBHTaHHOHHoro nonn h ())H3hhccko- 
ro BaKyyMa h anc kT po.T hh a mh h c c k h e nBncniia b rioKonmcHcn OTHOCHTenbHO 
noBepxHocTH rpaBHTHpyiomero Tena 3c\tnH cucTeMe OTC'iCTa, b iipHOnHAcnmi 
VIC, omHHHbi ot ancKTpoa hii a mh h cc k h x HBncnnii b npoH3BonbHO nBuncymencn 
(b tom HHcne Bpamaiomeiicn) OTHOCHTenbHO noBepxHocTH 3eMnn cucTeMax ot- 
e l iCTa. npaKTHnecKoe Hcnonb30BaHHe hoboto anc kT pon h na mhh c cko ro HBncniia b 
HB iiAymiixcn OTHOCHTenbHO 3c\tnH cucTeMax OTC'iCTa npcncTaBnncTcn nepcneK¬ 
THBHbiM. 

3) H 3 coBMecTHoro paccMOTpeHiin pe3ynbTaTOB pemeHini anc kT poanna\ th- 
necKoii 3 ana'in c BpamaiomiiMcn iapnAcniiBiM aficpii'iccKHM Kon/icncaTopoM h 
pe3ynbTaTOB oirni'iccKiix aKcnepiiMeHTOB c Bpamaiomeiicsi oimi'iccKoii ycTa- 
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hobkoh Tuna CannaKa nenocpencTBcnno cnenyeT, hto acnMMCTpHHnoc pa3pe- 
menne 3Jie KTpo/in ii a mh nee ko il 3a^ann c 3apa>KennBiM ciJjcphhcckhm Kon/ienca- 
TOpOM OTHOCHTeJIBHO HOKOaiHCHCa H BpaiHaiOIHCHCa CHCTCM OTCHCTa He HB3HCT- 
ca nco>KH,iannBiM h napa/ioR'caii biibim”, a CKopee cooTBeTCTByeT BnonHe onpe- 
^eneHHOH 3aK0H0MepH0CTii e^HHoro npoaBJienna oTHHHiia 3aKOHOB onTHKii h 
3JieKTpOflHHaMHKH B IlOKOaniCHCa H npOH3BOHBHO /IBH’/KV UlCHCa OTHOCHTeJIBHO 
noBepxHOCTH MaccHBHoro rpaBHTupyiomero Tena 3 cmjih cucTeMax OTCiCTa. 


4. IlapaAOKc <l>eHHMaHa h acaMMeTpaa jiaSopaTopHofi 
h flBHacymeftca chctcm OTcneTa 

Oocy>K,iaji Bonpoc 06 othochtcjibhocth Marm-miBix h sjieiapHHecKHX no- 
jieii, P. OciiiiMan ([52], tji. 13) ccjjopMynHpoBan cJieAyiomHH napa/ioKC. IlycTB 
tohchhbih japa/i (jinn onpeaejieHHocTH - oTpuHaTenBHBra) ;iBH>KeTca co CKopo- 
ctbk) V napajuienBHO npoBO/innKy, no KOTopoMy tchct tok I. Ecjih paccMOTpeTB 
jiannoc co 6 BiTne b cucTeMe oTCHera S, CBaaannoii c ripoBo/innKOM (T.e. b peajiB- 
hom cnynae b ncnon bhvk noil jiaoopaTopnoii cucTeMe OTcneTa), to Ha iapa/i /icii- 
CTByeT MarHHTHaa enna JlopeHu,a F. B cucTeMe >Ke S', ;mn>Kyincnca co exopo- 
ctbk) V napannenBHO .tbhvkciihio 3apa/ia q, MarnnTiioii chubi 6bitb He Moacer, Tax 
Kax b 3toh cucTeMe CKopoeTB nacTHiiw paBHa nynio. O/inaKO, coraacHO npiiHmi- 
ny othochtcjibhocth, japan q He MoaceT npoaBJiaTB pa3Hoe iiobc/icmhc b pa3HBix 
HHepunajiBHBix cucTeMax OTC'ICTa. Hannuo riapanoKC, KOTopun OciiiiMan pa3- 
pernaeT, yniiTBiBaa peJiaTiiBHCTCKoe H3MeHeHne njioTHOCTH sncKTpn'iccKnx 3a- 
panoB BHyTpn KpucTajiJiHHecKOH pemeTKH npoBomiHKa, hto npiiBoniiT k sKBHBa- 
aeHTHOH pacKOMneHcaHHH noncii nojioacHTeJiBHBix h OTpnnaTCJiBiiBix japanon 
paHee HeihpajiBHoro npoBonmiKa h noaBnenmo cooTBeTCTByiomeH TMCKTpnnc- 

CKOH CHUBI. 

IIoKaaceM, onnaKO, hto, coxpaHaa b cnne apryMeiiTannio OeiinMana h 
BapBupya jihihb ycJiOBiia onBiTa (H3MeHaa tojibko ckopoctb sapana q), mbi npn- 
xozihm CHOBa k npoTHBopeHiiaM. 

/In a ypoocTBa HHTaTeJia KpaTKO BocnponiBcncM TeKCTyajiBHO paccyacnemia 
P. OeiinMana. “IlycTB hjiothoctb 3ncKTponoB npoBonuMOCTn ecTB p , a hx cko- 
pocTB b cucTeMe S ecTB V. IIjiothoctb nenoMBnaaiBix japanon b chctcmc S ecTB 
p+, hto /lO-T/Kiio 6 bitb paBHo p_ c o 6 paTHBiM 3HaKOM, noTOMy hto mbi 6 epeM He- 
japaacennyio npoBonoKy. IlosTOMy BHe npoBOJiOKH 3JieKTpHHecKoro nona hct, ii 
CH na, nciicTByiomaa Ha nBiiacymniica japan. paBHa npocTO F = qV* B” ([52], 
c. 269). 
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B CHJiy Toro, hto “noJiHBiH 3apaa b jtiodoh chctgmg o/n-maKOB”, a paiMcpia 
npoBOZlHHKa “MoryT McnaTBca H3-3a peJiaTHBHCTCKoro coKpamcima paccroa- 
HHIl”, IUIOTHOCTB nOJIWKHTCJIBHBIX 3apa,30B B CHCTeMe S', P3C npOBOJIOKa /1BH- 

)KeTCa CO CKOpOCTBK) V, CTailOBHTCa paBHOH p'+ = p J -Jl - [) 2 . “B CHCTeMe S' 


OTpuiiaTCJiBiiBic 3apa.3Bi noicoaTca, tot, 3a ana ancKTponoB npoBoniiMOCTH mbi 
nonynaeM p' = p -J 1 - [S 2 . Tenept mbi movkcm iioiihtb. rioncMy b chctcmc S' 


B03HHKai0T tjtcktphhcckhc nona: noTOMy hto b stoh chctcmc b npoBonoKe iMe- 
eTca peiyjiBTHpyiomaa iijiothoctb aapaaoB Ap', paBacviaa (JiopMyaoii Ap' = p'+ + 
p'_“ ([1], c. 270). “Ecjih npimaTB bo BHHMamie tot cjiaKT, hto chjibi TaioKe npe- 
o6pa3yiOTca npn ncpcxopc ot 0,3 noil chctcmbi OTcneTa k apyroft, to oicaaceTca, 
hto 06 a cnoco6a HaoiHO/icnna 3a npoHcxo/iamuM paioT Ha caMOM acne opuna- 
KOBBie (j)H3HHecKHe pe3yjiBTaTBi npn iho 6 oh CKopocra” ([52], c. 271). 

HTaK, napa/ioKC OKa3BiBaeTca pa3penieHHBiM. JJjisi namaanocTH ,3a,3HM cne- 
ayiomyio CBoaxy (JiopMyn: 


1. B CHCTeMe S 

v q = v, v + = o, v_=v- 

p+ = P-; 

Ap = p+ + P- = 0; 

AE = E + + E_ = 0; 

B + = 0, 0; 

F = q[V q x B ] ^ 0; 


1'. B CHCTeMe S' 

V q = 0, V + =-V, V = 0; 

p' + = pJ ^-P 2 ; 

pL=p_ a /m3 I ; 

Ap' = p'+ + p'_^0; 

AE' ± 0, B\± 0, B'_ = 0; 
F = A£'q^0 


(4.1) 


TenepB, coxpaHaa Bee o6o3HaHeHiia h (j)H3HHecKHe npc.TnoaovKcniia. paccMOT- 
puM caynaH 2, Koraa japan q noKOHTca b neno.TBHVKnoii naoopaTopnoH chctcmc 
S, a CHCTeMa S ' /IBHACTCa CO CKOpOCTBK) 'laCKTpOHOB ripOBO.THMOCTH napaa- 
aeaBHo npoBoaniiKy. Toraa b chctcmc Su S' oypcM hmctb 


2. B CHCTeMe S 
V q = 0, V+ = 0, V- = -V 
P+ = P- 

Ap = 0 

AE = 0 

B + = 0, B_± 0 

F = 0 


2'. B CHCTeMe S' 


V q =V, 


P + =P 


v + = -v, 

tfi- 


F_ = 0 


P 2 


P- =P- 
Ap'^0, A£'^0 
B\± 0, B' = 0 
F = AE' q - q\W q x B'+] = 0 


(4.2) 


yacc Ha 3 tom 3Tane b penyuBTaTC cpaBHeHna cnynaeB 1 h 2 B03HHKaeT pa 3 bo- 
npocoB. CoraacHO paccyA'acimaM [52], nenonBHVKnaa b naoopaTopnoii chctcmc 
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S npoBonoica c tokom HeHTpantHa, a /iBiT/KymaHCfl c tokom lapavKcna. Ohcbh.tho, 
ncno.iBHAiiaH npoBonoKa 6e3 TOKa TO)Ke HeirrpanBHa, KaK h .iBHAymaHCH npo- 
Bonoica 6e3 TOKa. Hajinqo aci-iMMCTpua: noncMy tok, BBi3BaHHBiH .ibhaciihcm 
3HeKTpOHOB npOBOflHMOCTH, He lipHBO.IHT K nOUBJieHIlIO HeCKOMneHCHpOBaHHBIX 
iapa.lOB. a TOK, BBI3BaHHBIH /IBH/KCIIHCM nOJKKKHTeJIBHBIX 3ap>l/10B B o6paTHOM 
HanpaBJieHHH, /iacT Taxon 3(J)(|)eKT? J[nn ooocTpeima nocTaHOBKH Bonpoca 3aMe- 
hhm h eHTpajiBHyio npoBonoKy /ibvmh napajuieJiBHBiMH vkcctkhmh hhthmh, 3a- 
pjDKCHHBIMH paBHOMepHO pa3HOHMeHHBIMH iapa.iaMH C paBHBIMH mOTIIOCTUMII B 
COCTOJIHHH IIOKOH. ToT.Ha CTailOBHTCH OHCBH.TIIOH HaHajIBHaH CHMMCTpHH CBOHCTB 

CHCTeMti no OTHomeHHio k 3apyi/ia\f pa3Horo 3HaKa. Ho b TaKOM cnynae npuxo- 
HHTC5I npH3HaTB, HTO IICnO/lBIT/KIlBIH B Jia6opaTOpHOH CHCTeMe S npOBO.THHK c 
TOKOM He JIBJMeTCfl 3JieKTpHHeCKH HeHTpajIBHBIM! TaKOTO HBneHHH, KaACTCM. 
hhkto He Ha6moaan. Ilo jTOMy nponoiDKHM noKa nonB30BaTBca CTapBiMH npe/i- 
nono5KeHMMH. 

Ecjih TenepB paccMOTpeTB eme ,TBa cnynaa, OTHHnaiomuxca ot 1 h 2 TeM, 
HTO B HenO^BH>KHOH CHCTeMe S TOK C03/iaCTCH /IBH/KCIIHCM He OTpHpaTeUBHBIX, a 


n0JI05KHTejn>HBIX 3apa^OB, 

3. B CHCTeMe S 

3'. B CHCTeMe S' 


v q = ~v, V + = -V, V_ = 0; 

ii 

o' 

II 

o' 

II 


p- = P-; 

p'+ * P A 


Ap = 0; 

Ap' + 0; 

(4.3) 

A£ = 0; 

A£'^0; 


B + t 0, B_= 0; 

B\= 0, B’ 0; 


F = t y[V 9 x B+ ]^0; 

F = A£'q + 0 


4. B CHCTeMe S 

4'. B CHCTeMe S' 


ii 

o 

II 

I 

II 

o 

ii 

o' 

II 

ii 


P- = PA 

p'+ * p'a 


Ap = 0; 

Ap' + 0; 

(4.4) 

AE=0- 

A£'^0; 


B^ 0, B_= 0; 

B\= 0, Bl± 0; 


F = 0; 

F = AE' q - <y[V ? x B ] = 0 



TO MBI HpH/ICM K HOBOMy npoTHBopeHHio. CpaBHHBaM cnyHan 1 H 4', 2 H 3', 3 H 
2', 4 H 1', MBI BHflHM, HTO BO BCeX 3THX napaX npn O/lHIiaKOBBIX CHTyaHIMX B 
CMBiene OTHOCHTenBHoro /ibhvkchhsi hhtch h lapa/ia chjibi pa3HHHHBi. A sto y>Ke 
6 bijio 6bi HapynieHHeM npiiHunna OTHOCHTenBHOCTii! Eonee toto, npn o/iHiiaKO- 
bbix CHTyauiMX bo Bcex 3 thx napax otjihhhbi h sneKTpiiHecKHe run a A E ot 3a- 
piDKeHHBIX IIHTCH B nCHO/lBH'/KHOH JiaEopaTOpHOH CHCTeMe S H B /IBHVKyillCHCJI 
CHCTeMe S'. Ecuh nonycTHTB, hto sue KTpo/i h 11 a m h 'ice k h c abjiciihh b paccMaTpn- 
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BaeMtix napax b /ic ii ct b i-it cn b ii o c t h nponcxo/uiT Bee >Ke o/iHiraKOBO. T.e. c co- 
6ino/ieniie\i iipniii[nna othochtcjibhocth, to iipn.TCM k /ipyroMy npoTHBopcmio, 
HTO ())H3HHCCKHC CBOHCTBa OTpHUaTeUBHOTO H 110JTO >K H T CJT b 110TO japJBTa 0Ka3BI- 
BaiOTCH pa3JIHHHBIMH. EcJIH H3 ,1BVX (])H3HHCCKHX /lOnymeilllii - 3KCnepilMeH- 
T3JIBH0 ,BOCTOBCpnaa CHMMCTpHB (])H3HHCCKHX CBOHCTB OTpHIiaTCJIbllOrO II nOJIO- 
>KHTOJiBHoro iapa.ia h 3kc' 11cp hmci nanb11o He ycTanoBneiiiroe tok/icctbo saKO- 
HOB 3JieKTpOflHHaMHKH B IIOKOHIHHXCH H .IBHVKyIIIHXCB OTIIOCHTC-BbllO 3eMHH 
cucTeMax OTCHCTa - oT/iaTb npe/inoHTeime nepBOMy Kax He BBi3BiBaiomeMy co- 
MHeHIM, TO MBI BblliyAMCIlbl npH3HaTB CymCCTBOBailHC ())H3HHCCK0H ITCBKBHBa- 
neHTHOCTH iieno,iBH'/KnoH Ha noBepxHOCTH MaccHBHoro rpaBimipyiomero Tena 
3eMHH na6opaTopHOH cucTeMBi oTCHCTa no oTHomeHHio k mo6oft /iBHVKymeiicfl 
OTHocHTenBHo ee. 

Kax bh.bhxt riapa.iOKC OciiiiMaiia pa3peuiHTB He Tax-TO npocTO. Bo bchkom 
cnynae, ecnn ero pa3peuiHTB Tax, Kax sto c^enaHO b [52], to b /ipynix cinyaHH- 
nx b toh nee (])H3H i iccK0H cHCTeMe mbi ripn/icM k noninecKOMy HapyuieHHio 
npHHHHna OTHOCHTenBHOCTH H K yCTaHOBJieHHK) IICCOOTBCTCTBHH 3aK0H0B 3JieK- 
TpOflHHaMHKH B riOKOHIIUIXCB H ,BBH/KyIJIHXCH OTHOCHTeUBHO nOBepXHOCTH 3eMHH 
CHCTeMax OTC'iCTa. 

ConocTaBJiJui nonyneHHBie pe3ynBTaTBi c H3BecTHBiMH 3 k c n e p h m e man b ii bi - 
mh (})aKTa\iH b o6nacTH oiithkh [22, 24, 29, 30, 51] h 3ne KTpo/i h n a\i hkh [52-55] 
H aiBLBH3Hpya HMCIOIHHCCH Tpy/iiiocTH B 311C KTpo.i II 11 a M II KC [3, 20, 32], MO)KHO 
C,TC-BaTb BbIBO,T, HTO OnTHHeCKHe H 311C KTpO.lH11 aM HHCC KHC CBOHCTBa 0K0JI03eM- 
hoto npocTpaHCTBa rpaBHTauHOHHoro noun h “(])H3HHecKoro BaKyyMa” acHM- 
MeTpHHHBI B OTHOUieHHH BbipaVKCIlHB 3aKOHOB OnTHKH H 3JTCKTp0,1 HIIaMHKH B 
HOKOHIHHXCH II npOH3BOHBHO .BBHVKyiHHXCB OTHOCHTeUBHO nOBepXHOCTH 3eMHH 
CHCTeMax OTcneTa. OKOHHaTenBHoro pemenini Bonpoca o (J>h3hhcckhx cboh- 
CTBax 0K0Ji03eMH0T0 npocTpaHCTBa neooxo.BHMa nocTaHOBKa iipavibix omiiHe- 
CKHX H 3110 KTpo.i H11 a MIIH CC KH X 3KCnepHMCHTOB B /1BHVKV HUIXCH OTHOCHTeUBHO 
noBepxHOCTH 3eMHH CHCTevtax oTcneTa (Ha3eMHBiH TpaHcnopT, caMoneTBi, HC3, 
KK). 


5. 3(J)(J)eKT XoJiJia h acHMMeTpiiH JiaSopaTopHOH h aBHacyipeftca 

CHCTeM OTCMeTa 

Ha rpaiiBX MCTaiLBHHCCKOH njiacTHHKH, BHeceHHOH b MarHHTHoe none, npn 
nponycKaHHH Hcpei Hee 3JieKTpnHecKoro TOKa b “npo/lonbiioM” HanpaBnemiii 
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B03HHKaeT “nonepcHiiafl” paanocTB noTeHunana. 3to HBneHne nasBiBacTCH 3(})- 
(jjeKTOM Xonna. OGbhciihctch oho /ichctbhcm ckubi JIopeHpa Ha sneRTpunecKHe 
aapji.iBi TOKa, npnim\iaiomHX ynacTHe b nanpaBncimoM /ibi-ta'ciihii. Cnna Ho¬ 
pe ima oTKJioHMeT sneRTpiinecKHe japa/iBi TOKa b nonepcnioM HanpaBJieHHH, hto 
npHBOflHT k noABJicimio nonepenHoro sneRTpiinecKoro nonn E, ncilcTByiomcro 
Ha oneKTpHHecKHe Bapa/iBi TOKa c cnnon 

F E = Ee, (5.1) 

KOTopaa KOMneHcupyeT enny JlopeHpa F h 

F E +F H =Fe~+ — [VxH] = 0. (5.2) 

c 

Jinn MeTanjioB c oneKTpoHHOH npoBonuMOCTBio paniiBic paccyA/ieniifl ocTaioTca 
cnpaBeziiiHBBiMH b tom cnynae, ecnn othochtojibho na 6 opaTopHOH chctcmbi ot- 
c l iCTa. b KOTopoH noKOHTcn MarHHTHoe none H . b /ibhaciiiiii naxo.iJiTCH sneic- 
TpOHBI npOBO.THMOCTH npOBO/HIHKa. EcUH >Ke npOBO.HIHK C TOKOM, naXO/HIim-IHCfl 
b MarHHTHOM none, npuBecTH b /ibhaciihc b iianpaBneinm, o 6 paTHOM /ibhaciihio 
OJieKTpOHOB npOBO.THMOCTH B HeM CO CKOpOCTBK), paBHOH CpC/HICH CKOpOCTH 

iianpaBneimoro /ibhaciihh oneKTpoHOB b npoBO/uiHKe, to othochtcubho na 6 o- 
paTopHOH chctcmbi oTcicTa oneKTpoHbi 6 ynyr b cpe/incM hokohtbcji. B3anMo- 
^eHCTBHe nee /iBHAymuxcH hohob KpHCTannHHecKOH penieTKH npoBo/uiHKa c 
MarHHTHBiM noneM H + ynce He npHBOflHT k noflBnenwo iioncpcnioro 'ineKTpH'ic- 
ckoto nona, TaK KaK cnna JIopeHU,a, ncHCTByiomaa Ha hohbi npoBo/uiHKa 

F„=-[VxH + ], (5.3) 

c 

He MOAeT CMeCTHTB HX B KpHCTajIJIHHeCKOH pemcTKc. Cne^oBaTentHo, ecnn B 
na6opaTopHOH cncTeMe oTcneTa sneKTpiiHecKHH tok b npoBomiHKc coi/iacTca 
flBHAeHHeM HOHOB KpHCTajMHHeCKOH penieTKH npOBO.THHKa. TO 3(J)(J)eKTa Xonna 
mbi He MonceM iiaonio/iaTB. 

B CB5I3H c BBimenpuBcacniiBiM ohcbh/iiibim bbibo/iom npe/icTaBJiacT HHTepec 
paccMOTpeTB noaBnefflie 3(j)(| )eKTa Xonna b /ibvx noKoamiixca b na 6 opaTopHOH 
cncTeMe OTc i icTa K /locTaTO'ino /uihiiiibix napannenBHBix npoBo/niHKax npn 
nponycKaHHH nepci hhx sneKTpiiHecKHX tokob b o/iiiom HanpaBneHim. ripe/ino- 
nOAHM, HTO TOKH B npOBO/HIHKaX /1 = / 2 COinaiOTCH /IBHACIIHCM 3nCKTpOIIOB 
npOBOZIHMOCTH B HHX CO CpC/HICH HanpaBneHHOH CKOpOCTBK) V. Bbh.tv TOTO, HTO 
sneKTpoHBi o/uioro npoBo/uiHKa /iBi-iraioTca b mbthuthom none H = ( \/c)(2f/R) 
ot npyroro npoBo/uiHKa e tokom, to Ha tjicktpoiibi oniioro h npyroro npoBon- 
HHKa ncilcTBycT cnna JIopeHpa, OTKnOHSiomas hx k CMencHBiM CTopoHaM npo- 
BonHHKOB, h b ceHeHHH npoBomiHKOB b HanpaBneHim, nepnenn h icynapHO m k 
CK opoeTH V, ycTaiiaBm-iBacTca paaiiaa KoiiiiciiTpaiii-ia OTpHiiaTcnBiiBix 3apa/ioB, 
npuneM oonBinaa Ha cMencHBix cTopoHax npoBomiHKOB. T.e. HMeeT MecTo scj)- 
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(})ckt Xonna. B chctgmg K', nBuncyinenca BMecTe c sneKTpoHaMii npoBonHMOCTH, 
Ha 3JieKTpOHBI, KOTOptie IlOKOaTCa B ,131111011 CHCTeMe, CHJia JlopeHpa ,lcilCTBO- 
BaTB He MoneeT. OiiiaKo HanHHne 3(J)cJ)eKTa Xonna b namiBix npoBonHHKax b na- 
6 opaTopHoii CHCTeMe OTC'icTa npiiBoniiT k Heo 6 xonHMocTii npii3HaTB HanHHHe 
ero h b iBH’/KymciicH CHCTeMe OTC'icTa. C tohkh ipeiuiH KnacciiHecKOH sncKTpo- 
nHHaMHKH, naniiBiii bbibo,i He naxoiiiT ce 6 e oOBacnenna. cornacHo nee cnemi- 
anbiioii Teoprai OTiiocHTcnbiiocTH lainibiii napanoKC, ak'oobi, paipcmacTca TeM, 
HTO B IBHVKymCHCfl CHCTeMe OTC'ICTa K' npOBOnHHKH IICOOXOIHMO C'lHTaTb 3a- 
pnnceHHbiMH iionovKHTcnbiio, b to BpeMn xax b na 6 opaTopHon CHCTeMe oTcneTa 
ohh HeHTpantHBi [52]. nonovKHTcnbiibic 3apanBi Ha npoBonHHKax ripiiTaniBaio 
3neKTpoHBi npoBonHMOCTH k cmokhbim CTopoHaM H C03,iai0T aBncniic exoneee c 
3(|)(])eKT0M Xonna. 

Ecnii nee Tcncpb b naoopaTopnoii CHCTeMe OTcneTa K ibvm npoBonHHKaM 
npn,iaTb iBrinecniie B.ionb cBoero nanpaBnenna co CKopocTbio V b CTopoHy, 06 - 
paTHyio nBHneeHiiio incKTponoB npoBonHMOCTH b hhx, to b na 6 opaTopHoii ciic- 
TeMe OTC'icTa incKTponbi npoBonHMOCTH npoBonHHKa oxaneyTca noKoamiiMiica, 
a hohbi k piiCTann hh ec ko ii pemeTien npoBonHHKa - iBnneymnMnea. Tax ieaie b 
na 6 opaTopHoii CHCTeMe OTcneTa K Mamm hoc none H + = ( \lc)(2IIR) b nannovi 
cny'iac coinacTca iBiinecniicM hohob KpucTanniiHecKOH pemeTKii upoBoiniiKa h 
b 3tom MarHHTHOM none incKTpoiibi npoBonHMOCTH npoBonHHKa noKoaTca, to 
Ha hhx enna JlopeHpa nciicTBonaTb He MoneeT h 3(})(}) ckt Xonna b npoBoimiKax 
nonnecn oTcyTCTBOBaTt. OniiaKo, cornacHo nonynicniiaM [52], b cucTeMe oTcne- 
Ta, b KOTopoii sncKTponbi npoBonHMOCTH noKonTca. a hohbi KpncTannHHCCKoii 
pemeTKii .iBiineyTca. npoBonHUKii ncooxo.iiiMO ciman, lapanecniibiMii nononen- 
TenBHO. Ho b TaKOM cny'iac b naoopaTopnoii CHCTeMe OTC'icTa npn noKoamuxca 
sneKTpoHax npoBonHMOCTH npoBonHHKOB Taienee nonneeH HaGmonaTBca scjnjieKT 
Xonna. C npyroii nee ctopohbi, ocnoBbiBaacb Ha ([iniH'iccKoii cuMMeTpuii nono- 
neiiTenBHoro h OTpimaTenBHoro sapana, mbi He MoneeM OTnii'iiiTb tok incKTpon- 
hbih ot Toiea hohhoto. CncnoBaTcnimo, eenn b CHCTeMe, b KOTopoii incKTpoiibi 
noKoaTca, a hohbi iBiineyTca, npoBonHHKH lapaneaicvrca nononeiiTenBHO, Torna, 
co on i on a a ciiMMeTpuio OTHOCHTenBHO incKTpH'iecKnx sapanoB, mbi nonnenbi yr- 
BepnenaTB, hto b CHCTeMe, b KOTopoii noKoaTca iiohbi ii nBiweyrca ineKTponbi, 
npoBonHHKH Taienee nonnenbi lapaneaTbca OTpunaTcnbiio. O.inaKO, eenn noriyc- 
thtb, hto b nepBOM cnynae npn noKoainiixcn b na 6 opaTopHoii cucTeMe OTcneTa 
K HOHax KpucTannHHecKOH pemeTKii n nBiineymiixca incKTponax npoBonHMOCTH 
npoBonHHKH lapancaioTca oTpimaTenBHO, to b na 6 opaTopHoii cucTeMe OTC'icTa 
3(])c])eKT Xonna, , b o 6 inenpnnaT 0 M ero noHiiMaHiin, nonnecn Boo 6 me oTcyTCT- 
BOBaTB. 

He 3naa nun ero OTHOCHTenBHO paBnonennocTii cucTeM OTC'icTa noKoaineii- 
ca b rpaBHTaiinoHHOM none 3eMnn n nBiineyincnca OTHOCHTenBHO Hee, ho ocho- 
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BtiBaacb Ha 3 k c 11 e p h m e 11 t a n b 11 o /loCTOBepiiOH (|)H3H'icckoh chmmctphh nonoDKH- 
TenbHoro h oTpimaTenbHoro 3apn;ia h Ha cymecTBOBaHHH 3(jnj)CKTa Xonna b na- 
6opaTopHOH cucTeMe OTCHCTa npn /iBH>KymHxcn sneKTpoHax npoBonHMocTH 
npOBOflHHKOB, MBI Bblliy’/KTlCIlbl npH3HaTb, HTO eCHH B JiaDOpaTOpilOH CHCTeMe 
OTCHCTa 3JieKTpHHeCKHH TOK COB/UHI HBHVK'CnilCM 3HeKTpOHOB HpOBO/lHMOCTH B 
npOBO/lHHKaX, H ripOBO.lUHKH npn 3TOM OKaiblBaiOTCH He iapa'/KCnilBIMH OTpHIUl- 
TenbHo, to ecnH b aaoopaTopnoii cucTeMe OTCHCTa sneKTpiiHecKHH tok oy/ieT 
co3,Tair ,iBH>KenneM hohob KpucTajuiHHecKOH pemeTKH npoBonnuKOB, to npo- 
BOZIHHKH TaiOKe /[OIDKHbl 6bITb He japn’/KCIHIblMH. H 3(J)(|)eKT XoHJia B npOBO/lUH- 
Kax ,to-T/Kcii OTeyTCTBOBaTb. Ho rio/iooiibic, Ka3anocb 6bi, noniHecKH 3/ipaBbic 
paccy/KAcnini npn ouciikc (])H3hhcckoh cHTyauHH c sneKTpiiHecKHMH TOKavni h 
MaTHHTHblMH nOHflMH OT napajIJieUbHblX IipOBO/lIlHKOB, IipHBO/lHT Hac K 3aBCPO- 
MO OIHIlGoHHblM BUBO/plM o B03M05KH0CTH HapyiHeHHJI (])H3H'ICCKOH CHMMeTpHH 
nono5KHTenbHbix h OTpupaTeiibHbix sjtcktph'icckhx japn/iOB. 

Ha n noc npe.ino-BOVKCime Tpe6yeT 3 k c n c p h m e n t a n b n o h npoBepKH. Ecnn b 
na6opaTopHOH CHCTeMe otchctb npoBO/iiiHK c hohhbim tokom OKanceTca 3apa- 
>KeHHbIM HOnO'/KHTCnbllO, TO HCOOXO/IHMO Oy/ICT nOCTaBHTb riO/I COMHeHHe (})II- 
iH'ICCKyiO CHMMeTpHK) OTpi-lIiaTCUbllBIX H nOnODKHTenbHbIX iapjl.TOB HUH CHH- 
TaTb, hto b na6opaTopHOH cucTeMe OTCHCTa npoBonnuK c 3ncKTpoimbiM tokom 
3apH>KacTCH oTpHpaTenbHo h 3(J)cJ)eKT Xonna KaK (})H3hhcckoc aBnemie Boo6me 
OTeyTCTByeT. Ecuh ac oKaACTca. hto npoBoniiHK c 3JieKTpoHHbiM tokom b na6o- 
paTOpHOH CHCTeMe OTC'ICTa /ICHCTBHTCIIbllO OCTaCTCH HeHTpanbHblM H 3(J)(|)eKT 
Xonna cymccTBycT, hto npimuMacTca b cJ)H3HKe noKa KaK ohcbh/uioc, to Heo6- 
XOZIHMO OypeT nOCTaBHTb 110,3 COMHeHHe (J)H3HHeCKyiO CHMMeTpHK) Jia6opaTOp- 
HOH H .TBHAyiHCHCH CHCTeM OTCHeTa, T.e. CHCTeMbI OTCHeTa nOKOHIHCHCH OTHOCH- 
TenbHO noBepxHOCTH MaccHBHoro ipaBHTiipyiomero Tena 3cmjih h /iBHAymcHca 
OTHocHTenbHo Hee. 

ConocTaBnaa pciynbTaTbb nonyneHHbie npn paccMOTpeHHH 3ncKTponnna- 
MHHecKOH 3a^,aHH c 3(J)cJ)eKT0M Xonna b napannenbHbix npoBonHHKax b noKoa- 
mciica h b /ib may me itch OTHocHTenbHo noBepxHOCTH 3eMHH CHCTeMax OTCHeTa, 
c pe3ynbTaTaMH paccMOTpeHiin npyrux 3 jt cKTpo.3 h11 a mh h c c k hx sa^a'i [3, 4], b 

KOTOpbIX TaK3Ke 00 11 a py A H B aCTC a aCHMMCTpilH 3aK0H0B 3 JT C KTp O 71 HI I a M H K H B 
riOKOHIIlCHCJI H B ,TBH AyiHCHCH CHCTeMax OTCHeTa, npe/lCTaBJiaCTCa B03M0)KHbIM 
TjenaTb noronecKH Donee o6ocHOBaHHbie bubo/ibi o ncHCTBHTCJibiibix acHMMeT- 
pHHHblX CBOHCTBaX IIOKOHIHHXCH H /IBHAyiHHXCH CHCTeM OTCHeTa B peaUbHOM 
OKpyvKaiomcM Hac nocTpaHCTBe. npiiHHMaa bo BHHMaHHe, hto b paccMaTpHBae- 
Mbix 3JieKTpoflHHaMHHecKHX aa^anax ncxopiibic npe/inocbuiKH pacneTOB Bcerya 
KoppcKTHpyioTca pe3ynbTaTaMH, npeA/ie Bcero, peanbHbix iiaonKVKiiiiiii b He- 
noziBiDKHOH Ha noBepxHOCTH 3eMHH naoopaTopnoii cucTeMe OTCHeTa, to mtokho 
npHflTH K JIOTHHeCKOMy 3aKJIK)HeHHK), HTO BbIHBnHIOIUHCCH B pacneTax 3aMeTH0 
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BBipa>KeHHi>ie (b npn6nH>KeHHn VIC) acuMMCTpuHiibie CBoiicTBa hokohihhxch h 
aBIDKyiHHXCJ! CHCTeM OTCHCT3 OHCBUHIIO OTpa’/KaiOT C060H HCHCTBHTCnbnblC 
acHMMeTpuHHtie CBOHCTBa peanBHoro OKoao3eMHoro npocTpaHCTBa rpaBHTami- 
OHHoro nojifl h “(])H3H l iccKoro BaKyyMa” b OTiiomenim BbipavKeima 3aKOHOB 
3JieKTpOMarHGTH3Ma B HOKOHIHHXCH H B .IBH’A'yillHXCH OTHOCHTGJIBHO nOBepXHO- 
CTH 3eMHH CHCTGMaX OTCHCTa. K aHajIOrHHHBIM BBIBOHSM 06 OTJTHHHH 3aKOHOB 
3JieKTpOflHHaMHKH B IIOKOHIHHXCH H aBHVKyiHHXCH OTHOCHTGJIBHO nOBepXHOCTH 
3eMHH CHCTGMax OTCHCTa npHBoaaT h pe3ynBTaTBi coBMecTHoro aiiaansa hmgio- 
ihhxch b nacToamcc Bpcvia 3KcnepnMeHTanBHBix ([kiktob b oGaacra oiithkh [3, 
12]. Pe3ynBTaTBi npoBcacniibix omuHCCKHX SKcricpi-iMCiiTOB noKa3BiBaioT, hto 
O nTHHeCKHe 3aKOHBI BO BpamaiOIUHXCH JIOKaJIBHO OTHOCHTOJIBHO nOBepXHOCTH 
3eMHH CHCTOMax OTC'iCTa (noaoacHTeaBHBie pe3yjiBTaTBi onBiTOB Tuna CaiiBHKa 
[22-24]) b npn6nH5KeHHH VIC othhhhbi ot 3aKOHOB onTUKH bo BpamaiomcHca 
rno6ajiBHon cucTeMe OTcneTa, CBaaaimoH c noBepxHOCTBio 3cMan b neaoM (ot- 
pnnaTcabiiBic pe3yaBTaTBi onBiTOB Tuna MamceaBCOHa n ero aHaaoroB [27-29, 
45-47]). 

IlpeACTaBiieHHBiH BBime nocacao b aT ca b 1 r bi h n aoniHecKH aHann3 aacKTpo- 
MarHHTHBIX HBaCHHH B IIOKOHIHHXCH H B aBM/KY IHMXCH OTIIOCHTCabllO nOBepXHO¬ 
CTH MaccuBHoro rpaBHTnpyiomero Teaa 3c\ian cncTeMax OTcneTa n conocTaBae- 
Hne anaaninpycMbix HBacnnii c pciyabTaTavin y>Ke H3BecTHBix 3KcncpnMcn- 
TajiBHBix iraoaioacniiii b ycaOBirax Ha nOBepXHOCTH 3cMan, 0Tpa>Kai0 T co 6 oh 
nonBiTKH aomnecKH o6ocHOBaHHBix o 6 o 6 ihchhh H3BecTHBix SKcucpuMciiTaab- 
hbix h TeopeTHnecKHx cjjaKTOB aaa ooocnoBaima npaBOMepHocTH npuMeHHMocTH 
oaHOH nan apyroii <])H3 h i icckoh Teopnn k onucaHHio HBaeHHH OKpyvKaiomcro 
Hac Mnpa. 3 to naraaanbiH npuMep aoniHecKiix sapaBbix paccyvKacinicii npn 
ouciikc (])H3HHecKHX HBaCHHH OKpy>KaiomeH Hac aciiCTBHTCab 110 cth. /]aa cpaB- 
Hernia mo>kho npiiBecTH, HanpHMep, nonBiTKH anaaorn'inoro (fiopMaabiioro ao- 
THHecKoro aHanH3a npn o6ocHOBaHHH noao>KHTeaBHBix pe3ynBTaT0B onBiTOB 
Tuna CaiibHKa, ho npn Hciroab30BaiiHH m aTe m a thhcgkh a6cTpaKTHBix MCToaoB 
OTO [25], 

OcHOBBiBaacB ToaBKO Ha hhcto KHHeMaTHnecKHX 3cj)(j)eKTax npeoopaiOBanini 
MCTpH'iccKoro TeH3opa b iioKoamciica h Bpamaamciica cncTeMax OTcneTa noaa- 
raeTcs, hto b afoooii Bpamaiomciica cncTeMe OTcneTa ayn cBeTa aoa>Kcna noa- 
hoctbk) OTCTaBaTB ot Bpamcima. hto Bpoac 6 bi h iiaoawaacTca b ohthhcckom 
onBiTe CaiibHKa npn BpameHHH ycTaHOBKH OTiiocHTcaiaio nOBepXHOCTH 3c\ian. 
Ho ecan oomaa Tcopua Bpamafomuxca chctcm OTcneTa aciicTBHTcabiio aBaacTca 
«of)ineii TeopHeii», to OHa aoa>Kna 6 bitb npiiMemiMa kohchho >Ke h k Bpamaio- 
menca cncTeMe OTcneTa, CBaaannoH c Bpamaiomeiica 3c\iacil b ucaovi. Ecan 
MeTo^Bi OTO acHCTBHTeaBHo ycTaHaBanBaioT oomi-m 3aK0H aaa aio6Bix Bpa- 
maiomuxca chctcm OTcneTa, to npHMeHHTeaBHO k Bpamaiomeiica 3eMan b ue- 
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jiom nyn CBeTa Ha noBepxHOCTH ee Taioice AonnceH OTCTaeaTh ot Bpamcmui. Hero 
b aencTBUTenbHocTH He Ha6nioaaeTca, hto npoTHBopeniiT 3KcnepHMeHTajibHo 
iiaonto/iacMoii ciiMMeTpun CKopocTH CBeTa Ha noBepxHOCTH 3cmhh bo Bcex Ha- 
npaBncimjix b ontiTax Tuna MaHKenbcoHa h ero ananorax [27-29]. 

B nacToamcc Bpcvia /iccTOBcpiiocTB cuMMeTpun ckopocth CBeTa othoch- 
TenbHO noBepxHOCTH 3 cmjih rio/iTBep>fviciTa ynce npuMbiMH om hhcckhmh H3Me- 
peHHJiMH b onbiTax nepBoro nopa/pca oTHOCHTenbHO VIC [30], b KOTopbix hc- 
nonb3yeTca He3aMKHyTbiH onTHHecKiiH nyTb. B 3KcnepnMciiTe 3Toro Tuna chm- 
MeTpiM CKOpOCTH CBeTa OTHOCHTenbHO noBepxHOCTH 3eMHH IlO.lTBCpVKMCIia c 
TOHHOCTbK) ,10 0,9 m/c npH 11 pc ACKa3BIBacMO H MCTO/iaMH OTO aCHMMeTpilH CKO¬ 
POCTH CBeTa OTHOCHTenbHO noBepxHOCTH 3eMnn nopn/iKa 300 - 400 m/c. 

OcHOBbiBancb Ha pe3ynbTaTax cobmccthoto aHanroa SKcnepiiMeHTanbHbix h 
T eOpeTHHeCKHX cjjaKTOB B OOnaCTH OnTHKIl II 3nCKTp0,1HIIaMIIKH OKOn03eMHOrO 
npocTpaHCTBa h BOiBpaiiiancB k paccMOTpeHHOH Bbirne 3ne kt po,i h na\i h necKOii 
3aaane c scjnjieKTOM Xonna b napannenbHbix npoBOAHHKax, mo>kho 3aicni0HHTb, 
hto B03HHKiuan b Ba/ianc iiapa,ioKcanbnan cHTyaunn HBJiaeTcn cjic/ictbhcm ,to- 
nycTHMOCTH k peanbHOMy OKono3eMHOMy npocTpaHCTBy aocTpanipoBaiiiiBix 
npencTaBneniiii CTO h OTO o chmmctphh npocTpaHCTBa h o 6 SKBHBanem iiocth 
noKOHiiuixcH n .iBii’/Kyimixcsi (Bpamaiomuxca) chctcm oTcneTa. Pe3ynbTaTbi hc- 
cnc/iOBaimii noKa3biBaioT, hto peanbHoe OKono3eMHoe npocTpaHCTBO rpaBHTa- 
HHOHHOrO nOJIH H “(})H3HHeCKOrO BaKyyMa” aCHMMeTpHHHO no CBOHM CBOHCTBaM, 
h npe.iCTaBneniic 06 SKBHBanem iiocth noKonmuxcn h nBuncymuxcn chctcm ot- 
c l iCTa b TaKOM npocTpaHCTBe iic/ionycTiiMO. /]na npnMOH npoBepKH aciiMMeT- 
pHHHblX CBOHCTB OKOn03CMHOrO npOCTpaHCTBa IlCOOXO.lHMa nOCTaHOBKa OnTH- 
HeCKHX H 3nCKTpO.1HIIaM H H C C K HX 3KCnepHMCHTOB B .1BI1VKVIIICHCH OTHOCHTenbHO 
noBepxHOCTH 3eMnH chctcmc OTcneTa no H3MepeHHio (npnMbiMH MCTona\in) 
CKopocTH CBeTa b TaKHX CHCTeMax OTcneTa no HanpaBneHHio .ibii’A'ciiihi n npo- 
THB H H3MepeHHK) 3HCKTpHHCCKHX H MarHHTHbIX nOneH OT IIOKOHIHHXCH H .1BII- 
ncymnxcn 3neKTpnHCCKH.x sapa/ioB [58-60]. /Jo iiacTomiiero BpeMeHH nocTaHOB- 
Ka TaKHX 3KcnepHMeHTOB He ocymecTBnnnacb. 


6. 06 3JieKTpoaHHaMHMecKOM aHajiore ypaBiicmui EepHyjiJiH 
JJJIH 3JieKTpOHOB IipOBOAHMOCTH 
b KpHCTajuiHiecKOH peuieTKe npoBOAHHica 



TjiaBa 2. SneierpoMarHiiTHbie CBOHCTBa cpe^Bi (f>H3mecKoro BaKyyMa 


155 


PaccMOTpuM HanpaBneHHoe .tbi-T/Kciihc TJieKTponoB npOBO.THMOCTH b Kpn- 
CTamiHHecKOH pemeTKe npoBOTiiriKa nepeMeHHoro ccHeima (pile. 5) [61]. TaK 
KaK 3JieKTpOHBI npOBO.THMOCTH B KpHCTajIJIHHeCKOH pemeTKe npOBO/lHHKa Haxo- 
RfLTCfl B CBOOO.THOM COCTOJIHHH, TO K HUM .TOnyCTHMO npC.TCTH BJICIIH C “3JICK- 

TpoHHoro ra3a” [62]. H3 ypaBiicnna ncnpcpBiBiiocTH noTOKa “sneKTpoHHoro 
ra3a” b cTaimoHapHOM cogtohhhh b jik>6oh npoMe>KyTOK BpeMemi At kojihhcct- 
bo 'iacTHii “aneKTpoHHoro ra3a”, npoxo/iamux 'icpci cchciihc S\ co CKopocTBio 
V\, .to.ta'iio obitb paBHo KonHHecTBy HacTnu “sneKTpoHHoro ra3a”, npoxo/iamux 
'icpci CCHCIIHC S-> CO CKOPOCTBIO V 2 , T.e. 

S l V l n () At = S 2 V 2 n 0 At, (6.1) 

r^e « 0 - KOHueHTpamiH cbo6ojihbix 3JieKTpoHOB b MeTanne, S \ V\At - o6i.eM 
“sneKTpoHHoro ra3a”, npoxo/iamcro ncpci cchciihc Si 3a npoMe>KyTOK BpcMcim 
At. KoilHCnTpailHH SJieKTpOHOB npOBO.THMOCTH 7?o (huh mOTIIOCTB “3HeKTpOHHO- 
ro ra3a”) b k p hct a jut mice ko ii pemeTKe HeHTpantHoro npoBO.TiiHKa b jiio6om ero 
cchciiith Bccppa .TOJUA'iia obitb paBHa KonnciiTpanHH hohob b c.thiihhc o6i.eMa 
caMOH KpHCTajiJiHHecKOH pemeTKH npoBO.TiiHKa (ycnoBue non noil KOMneHcamm 
3JieKTpnHecKoro japa/ia npoBO/iHHKa). IlpHHCM KoniiciiTpanHa sneKTpoHOB npo- 
BOZIHMOCTH B lipOBOTHHKC .TOJTA'Ha OCTaBaTBCH nOCTOHHHOH TUl/KC B TOM CJiyHaC, 
k or.ua 3JieKTpoHaM npOBO.THMOCTH ripH.TacTcyi CKopocTB HanpaBneHHoro .tbhvkc- 
HHS OTHOCHTeUBHO KpHCTajIJIHHeCKOH pemeTKH npoBO.TiiHKa (ripOBO.THHK C TO- 
kom iipnniiMacTcn ncHTpajiBiiBiM [52]). 

IIpH nepeMemeHHH KaKoro-JinGo TJicMciiTa MaccBi “sJieKTpoHHoro ra3a” Am 
ot ceneHiin Si .to cchciihh S 2 ckopoctb ero HTMcnacTcn ot .to V 2 (V 2 > Vj). 
Rim toto, hto6bi ycKopHTB 3JieMeHT MaccBi Am “sneKTpoHHoro ra3a” ot CKopo- 
CTH V\ .TO CKOpOCTH V 2 , K HeMy IICOOXO/IHMO IipHJIOVKHTB yCKOpSIOmyK) CHJiy f. 
3toh chjioh aBJiaeTca cnna .naBJiemin p Ha bbptcjiciiiibih o6BeM MOK.Ty ceneHna- 
mh Si h S 2 co CTopoHBi “siieKTpoHHoro ra3a”, naxo.Tameroca ncpc.T cchciihcm Si 
h nocne cchciihh S 2 

f =p\S\, -f 2 = p 2 S 2 . (6.2) 

IIpn ycKopeHHH 3JieMeHTa Am MaccBi “sneKTpoHHoro ra3a” ot ckopocth V\ .to 
CKopoeTH V 2 3aTpa l iHBacTca pa6oTa A. paBiiaa 



Phc. 5 
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A = fAI, - f 2 U 2 = p l S l (ViAt) - p 2 S 2 (V 2 At) = 


A mV, A mV/ 


(6.3) 


2 2 

TaK KaK Am = Avnpn e , to H 3 HenpepbiBHOCTH noTOKa “aneKTpoHHoro ra3a” b 
npoBoaHHKe Rim 3JicMciiTapnoro nepeMemaeMoro o6beMa Av naxo/iHM. hto 

Av = S\V\ At = S 2 V 2 At. (6.4) 

npaByio h neByio nacra paBOHCTBa (6.3) Ha o6beM Av h 3aMenaa, hto 
Ami Av ecTb nnoTHOCTb “aneKTpoHHoro ra3a” b MeTanne p 0 , nonyHHM 

P0V2 Po^i 2 


P\~P 2 = ■ 


(6.5) 


pne p 0 = n 0 m e , huh b apyroM BH^e 


Pi + 


P 0 Vi 2 

2 



( 6 . 6 ) 


3 /iccb p\ h V 1 - paBneimc “ajTCKTpoimoro ra3a” h ero CKopocTb b cc'iciiiiii S 1 ; 
p 2 h V 2 — /laBneimc “aneKTpoHHoro ra3a” h ero CKopocTb b cchciiiiii S 2 , no - koh- 
HeHTpaunH cbooo/hibix ajieKTpoHOB b MeTanne. nonyneHHoe cooTHomeHne (6.6) 
HBJiaeTca ypaBHeHHeM EepHyiuiH ana “aneKTpoHHoro ra3a” b KpucTanjiHHecKOH 
pemeTKe npoBo/nruKa. 

IlpeflCTaBiiaeT HHTepec bbwchhtb (J)H3HHecKHe npuHHHbi, KOToptie o6y- 
CJioBJiHBaioT nomDKeHiie ^aBJieHH^ “aneKTpoHHoro ra3a” b KpHCTanjiHHecKOH 
pemeTKe npoBo/nruKa npn yBCJiHHcnim cKopocra ero .tbhvkciihh. PaccMorpuM 
rpaiiHuy pa3/iciia C-C (puc. 6), Korapaa ot/icjihct /iBi-ivKymi-iHCfl “aneKTpoHHbiH 
ra3” b npoBO/uiHKC A ot noKoameroca “aneKTpoHHoro ra3a” b npoBO/uiHKC B. 
Onpe/iCJiHM Bee aneRTpiinecKHe h MarHHTHbie chubi, KOTopbie /ichctbyiot Ha /iBa 
B3aHMO,neHCTByiomHX MOK'py co 6 oh Ha rpaimnc paapcna 3JicKTpona e t h e 2 , 

OflHH H3 KOTOpbIX 6 \ /IBH’/KCTCSI CO CKOpOCTbK) V \, a BTOpOH e 2 IIOKOHTCH. YHHTbl- 
Baa Manoe paccTOJiHue MC>K/iy B3a hmo/ichot By 10 m hmh 3neKTponaMH e\ h e 2 , 
M02KH0 nOJTO>KHTb, HTO CyMMapHOe 3JICKTpHHCCKOC nOJie B TOHKe HX naXO/K.TCim!-! 
OT Bcex HOHOB npOBO/WHKa A H B Oy.TCT COOTBeTCTBeHHO E 4 H E b , a OT Bcex 


3JTCKTpOIIOB 3THX >Ke npOBOTUlHKOB — E A H E B . Pe'jynbTHpy lOIIUlfl CHUa, pcii- 


CTByiomaa Ha iapyi/ibi e\ h e 2 , onpeaenHTca KaK 

A/ = f e2 ~fe x 
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©©4- 



Phc. 6 


huh 

4 f = (E B e — ^ b, + E A , — Ea c )e 2 ~ (E B . - E b * + a { E A — E)e r , (6.7) 

r,ne K03(J)(J)HHHeHT aj 0Tpa>KaeT co6oh MarmiTHoe B3aHMOAeHCTBne Me5Kny 4 bii- 
>KymHMCH 3JieKTpOHOM e\ H MarHHTHBIM nOJieM OT .IBH’A'yiHCrOCJI “3JieKTpOHHOrO 
ra3a”. llcxoxx H3 axi-maKOBoil BenHHHHti KonneiiTpannn hohob h sneKTpoHOB b 
npOBOZIHHKaX A H B. M05KH0 nOJIC»KHTI> 

E a . = E a , E Bj = E Be . ( 6 . 8 ) 

C yneTOM (6.8) h (6.7) nonyHHM 

A f = E A e 2 -a l E A e l . (6.9) 

Pe3yni>THpyiomaa CHJia A f HanpaBJieHa ot sneiapoHa e 2 k sneiopoHy e t . Cnny 
MarHHTHOrO B 3 a H \T O.X C li C T B M >[ MC/K/iy XBHVKyillHMCX XJICKTpOIlOM e t H XBHVk'y- 
HIHMCa “3-XCKTpOIIIIBIM ra30M” npOBOXHHKa A M05KH0 npCXCTaBHTB B BH/1C 

*iE±e l =E A ^e l -^<y l -H A J, ( 6 . 10 ) 

c 

rjxe HepejiHTHBHCTCKoro cnynaa HMeeM 

H a =^E a . ( 6 . 11 ) 

C 

H 3 (6.9) H (6.10) OKOHHaTeJIBHO HaXOOTM 

Af = E A e l -E A e l +^(V l -H A ) 
c 

nun 

A f = —(Vi H a ), (6.12) 

c 

T.e. yMeHbnieHne .xaBxcimH “xjieKTpoimoro ra3a” b KpHCTamiHHecKOH pemeTKe 
npoBoxnHKa npn ero riocTynaTCXBnoM xbhvkciiiiii iiojiiioctbio ooycxoBxcno Ha- 
JIHHHGM CHJI MarHHTHOrO IipHTyi'A'CIlIIX MCVK/iy ,XBHVKyiHHMHCH 3JieKTpOHaMH 3TO- 
ro ra3a. 

J\jisl onpc.xc-xcniiji pe3yjiBTHpyiomero .xaBxcimx “xjieKTpoimoro ra3a” p e Ha 
KaKyio-nnGo cxunn'inyio nxoma.xB S rpaimiiBi pax.xciia C-C iicodxoxhmo. one- 
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BHflHO, npOCyMMIipOBaTB CHJIBI OT Bcex 3JieKTpOHOB, IiaXO/WUHXCfl Ha 3TOH 
ruroiiunH 

2/3 

Pe = nfAf= n ^(V r H A ). (6.13) 

c 

Pe3yni>THpyiomee .naBJiefflie p e mo>kho nalm-i TaioKe h H3 ooBiniioro “viexaimHC- 
CKoro” ypaBiicima EepHynnH (6.6), ecnn nononciiTt p 2 = 0 h V 2 = 0, T.e. 


p e =Ap = p 0 -Pi=-^-, (6.14) 

rne p 0 = n 0 m e . H 3 (6.14) bhjiho, hto pe3yni>THpyiomee naBneHne Ha eniiHHHHyio 
nnomant rpaiiHUBi pa3nena /iByx cpe/i onpenenneTcn khiicthhcckoh 'ibctbio 
ypaBHeHiM (6.6). CnenoBaTentHO, c vhctom (6.13) 11 (6.14) ypaBHefflie EepHynnH 

(6.6) B nOJIHOM BH/1C MO/KIIO npe/iCTaBHTB 

2/3 2/3 

p l+ ^L^ iVi .H') = p 2+ ^^(V 2 -H" A ). (6.15) 

c c 

IlpHHHMajI BO BHHMaHHe (6.11), 6y/lCM HMOTB 

( 2/3 c \ f 2/3 c t, \ 

, n o E A e C\ w2 , n 0 E A e e 2 w2 

P\ + -2- F 1 = P 2 + -2- F 2 • (6-16) 


Vf=P2 + 


Hanpa)KeHHOCTb 3JieKTpHHecicoro nojifl E A Ha noBepxHOCTH u;HJiHH^pHHecKoro 
npoBOOTHKa pa^Hyca R ot Bcex 3JieiapoHOB npoBO/jHMOCTH ero HaS^eTCfl H3 


COOTHOLIieHHH 


2 Qj 2en 0 S 1 2en 0 nR^ 


= en^L x 


TJJfi Gi - JIHHeHHafl nJIOTHOCTb 3JieKTpOHOB npOBO^HMOCTH B npOBO^HHKe, 
L\ = 2nR\ - nepHMeTp npoBo^HHica. H 3 (6.16) h (6.17) oKOHHaTenBHo 6yzjeM 
HMeTb 


e 2 nfL x 


V\ = Pi + 


2 5/3 r 

e « 0 L i 


J^jul Toro hto6bi npoBecTH pcamniyio ouciiKy nonyneHHoro 3-ire kt po/i h i i a m h 1 i c - 
CKoro ypaBiicniia EepHynnH (6.18), npoBe/iCM ncKOTopbic npcoopaaoBaimyi bbi- 
pa'/KCHHH B CKo6KaX npHMeHHTeJIBHO K eflHHHHHOMy o6l>eMy 

( 2,5/3/ A f Ar f 2 M 


( 2 5/3 j \ 

e n 0 ' L 


2 


l c J 



= (2»o' r 0 L)—\ - T , 



TjiaBa 2. SneierpoMaratiTHbie CBOHCTBa cpe^Bi (f>H3mecKoro BaKyyMa 


159 


171c r 0 - KJiacciiHecKHH pa/myc ajrcKTpoira. llcno.ibiya ciipaBe/i.iiTBoe una 3 JieK- 
TpoHa cooTHomeHHe 


m e c 2 = e 2 /r 0 , 


( 6 . 20 ) 


nepemniieM ypaBHemie (6.18) b BHjie 


Pi +(2«o /3/ o Z 'i) 


m e n 0 V l 


= P2+{2nfr Q L 2 ) men f 2 


( 6 . 21 ) 


I1JIH 


Pl+ll 


Ml 

2 


= Pi 



( 6 . 22 ) 


r,ne y = 2riQ 3 r 0 L - 6e3pa3MepHtra K03(J)c|)imneHT, p 0 = n 0 m e - nnoTHocTt “sneK- 
TpoHHoro ra3a”. 

CpaBHHBaa (6.6) c (6.22), moaho 3aMeTHTB, hto paccMOTpeHHe hhcto 3Jick- 
TpunecKoro h Manimiioro b3 a itmo/ichctbhh MOK.iy bcgmh lapa/iaxm npoBo.inn- 
Ka A h B c tokom h 6e3 TOKa npiiBO/iiiT Hac bhobb k BBiBo.iy o npiiMemiMOCTii 
ypaBHemia BepHymiH aim “sacKTpoimoro ra3a” b k p it ct an .3 it h c c k o ii pemeTKe 
npoBo.iiiHKa. lipniin\iaa bo BHHMaHiie, hto aim peajibHoro npoBO/miTKa hmoom 
« o = 2,68-10 19 cm -3 h r 0 = 2,81-10~ 13 cm, una KoscJxjmHueHTOB yj h y 2 HaitneM 

yi ~ 5,05ii, y 2 ~ 5,05Z. 2 , (6.23) 

h 3.ac kT po,1 h na mithcckoc ypaBHemie BepHynnH npimiiMacT OKon'iaTCJiBiiBiH bit,i 

2 2 

p l +5,05L l ^- = p 2 +5,05L 2 ^~. (6.24) 

TaKHM o6pa30M, in c k Tpo .1 it 11a mK nee koc ypaBiieiiHC Bcpiiy.i.iH (6.24) , 1 . 3 a 
“3.3CKTpoimoro ra3a” b k p it c t an .3 it h c c k o ii pemeTKe npoBO/riiiTKa, iiaiT/reinioc H3 
paccMOTpeniia hiicto 3.3 c KTpo via ri iht n bi x BiaiiMonciicTBiiii nocTynaTC.3Biio 
.iBiivKymeroca “sacKipoiiiioro ra3a” c p a c c m a t p it b a e m oii CTeHKOH C-C, He- 
CK0.3BK0 OTHHHaeTca ot TaKoro >Ke ypaBiieima ( 6 . 6 ), iiaiT/icimoro H3 paccMOTpe- 
IIHSI HIICTO MeXaHHHeCKHX B3aIIM0,1 C IT C T B IT IT “3JieKTpOHHOTO ra3a” C 3TOH >Ke 
CTeHKOH C-C. EcTeCTBeHHO, B03HHKaeT Bonpoc, KaKOe H3 3THX ypaBHeHHH MO)K- 
ho CHHTaTB Donee npiicM.iCMBiM npn omicaHHH (j)H3HHCCKoro aB.ieinia npoTeKa- 
11 ini sjieKTpiiHecKoro TOKa no npoBo.iiiiiKy? 

C “MexaHiinecKOH” tohkh ipeima 3.1cKTpo 11 MoaceT OKa3biBaTb /laB.icinie Ha 
CTeHKy C-C (pile. 6) to.ibko b tom cnynae, ecnH oh oona/racT khiicth'icckoh 
3HeprneH 11 nanpaB.ieimeM ,iBH>Keiiiia b CTopoHy /ran noil ctchkh. Te >Ke i.bck- 
TpoHBi, y KOToptix b paccMaTpHBaeMbiH MOMeHT KMiicTiTHCCKaa iiieprua paBHa 
Hymo, huh Te, KOTopbie /TBiTncyiea ot CTeHKii C-C, .laB.ieinia Ha yKa3aHHyio 
CTeHKy He OKa3biBaioT. C 3-3CKTpoManimiioii kc tohkh ipeinia .laB.icime Ha 
CTeHKy C-C 0Ka3biBai0T Bee 3-ieKTpoiiBi KaK npoBo.iiniKa A, TaK 11 ripoBo.iiniKa B 
BHe 3aBHCHMOCTH ot iianpaBneima hx .iBHACima 11 na.iH'ina KiiHeTHHecKOH 
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SHeprim. YniiTBiBaa, hto Bee “Mcxanii'iecKiic” B3 a 11 m 0,3cHCTBHa b MHKpoMiipe 
(MoneKynapHBie, aTovniBic) CBO/iaTca, b koiichiiom chctc, tojibko k 3JieKTpoMar- 
HHTHBIM B 3 a H MO/1 C H C T B H a M. M05KH0 QUeJiaTB B BIBO/1, HTO ypaBHeHHe (6.24) 
.HOJDkho 6onee tohho OTpaacaTB 3.3 c KTpo m a n 1 h t ny 1 o npupo/iy B3 a hmo.t c ilc tb 11 a 
“sneKTpoHHoro ra3a” co ctciikoh C-C. 

npencTaBJiaeTca iniTcpccnBiM cjic/ictbhc m ypaBiicniia (6.24), hto h3moho- 
HHe aaBJiefflia b .ibhayiiicmch nocTynaTentHO co CKopocTtio V noTOKe “ojick- 
TpoHHoro ra3a” aojdkho 3aBiiceTB TaKace ot nepiiMCTpa L. oxBaTBmaiomero b 
paccMaTpiiBaeMOM ccHcnnii Beet ,iBii>Kyiiuiiica noTOK (ana ccHcniia KpyraoH 
(J)OpMBl) H He 3aBHCHT OT (J)OpMBI H pa3MepOB ODBC via conp H k aca 101Hc roCSI CO 
CTeHKOH C-C nOKOaiHCHCa CpC.lBI. /(aHHBIH BBIBOH BnOUHe OHCBHaCII C TOHKH 
3peHIl)I 3JICKTpOMarHHTHOH IipiipO.TBI BiaHMO.TCHCTBHlI MCA'/iy MOJICKyjiaMH, 110- 
HaMH II 3JieKTpOHaMIl npOBOHHMOCTH paCCMaTpHBaeMOH CpCpBI H 7IOJI/KCII OBITB 
cnpaBeziJiHBBiM TaK>Ke 11 ana peanBHBix ra30B 11 AupKOCTcii. 

OcHOBBiBaact Ha npiiMeHiiMOCTH ypaBiicniia EepHynnn ana “one KTpo n no ro 
ra3a” b KpiicTajuiHHecKOH pemeTKe npoBoaniiKa, moaiio npcaBiiacTB bo3mo>k- 
hoctb cymecTBOBaHiia hobbix hch3bccthbix paHee sueKTpo/i h 11a m mice khx hbjtc- 
hhh h 3(]k[)cktob. Ecuh k npoBoaniiKy A (puc. 3) npucoeaiiHiiTB ripoBoaniiK B 11 
“sneKTpoHHBiH ra3” b npoBoaniiKC A npiiBecTii b nocTynaTenBHoe pBiiAcnnc co 
CKopoeTBio V\ (co3aaTB b HeM tok I\) (puc. 7), to aaBnciiiic “aneKTpoHHoro ra3a” 
P\ b npoBoamiKc A oKanceTca MeHBiuiiM aaBnemia p 0 b npoBoaniiKC B. IlpiiHeM, 


cornacHO (6.6) iuiii (6.24), oyncvi hmctb 


m e n 0 V\ 

Po=Pi+ 2 

(6.25) 

HJ1H 


2 

Po = P\ + 5,05 L x . 

(6.26) 


3a chct yMeHBHieHiia aaBncniia “oneKTpoimoro ra3a” b npoBoaniiKC A “aneK- 
TpoHHBiH ra3” H3 npoBoaniiKa B oypeT “noacacBiBaTBca” b npoBoaniiK A. C03aa- 
Baa TeM caMBiM aBHVKcime “one KTpo micro ra3a” (aneRTpiiHecKiiii tok) ii b o6ec- 
TOHeHHOM ripOBOailHKC B. 

npn V 2 = 0 aaBJieHiie “sJieKTpoimoro ra3a” p 0 b npoBoaniiKC B opueHTiipo- 


e 


e 


Puc. 7 
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BOHHO MOPCHO OnpCACJIHTB HCpC'i erO OObCM V, HHCJIO 3JieKTpOHOB I ipOBO/lHMOCTH 
N b 3 tom o6i.eMe h cpcpnioio Ki-mcTHHCCKyio sncpruio o/moro saeKTpoHa 

E = m e V 2 / 2 H3BeCTHOH (JlOpMyjIOH KHIICTHHCCKOH TeOpilIl ra30B [62] 


p Q v= l -Nm e V 2 =^N\ 


r m.V 2 ^ 


\ j 

YmiTbiBaa, hto N/v = no, H3 (6.25 ) h ( 6.27) MoacHO Haimi 


P 0 =- 


m e n o 


-v- -V , 


(6.27) 


(6.28) 


T.e. .paB.acimc “sjieKTpoHHoro ra3a” onpepenaeTca KaK cpe/mcil CKopocTtio V 
xaoTHHecKoro TennoBoro /iBHacenmi 3JieKTpoHOB npo bophmocth b KpucTannHHe- 
ckoh pemeTKe npoBopHmca, Tax h CKopocTtio V\ nanpaBJicimoro pBnaccniia ero. 
C yHCTOM nOnpaBOK, oOyCPOBPeHHblX KBaHTOBBIMH 3C[)([)CKTaMH, /UTfl paBPefflia 
“sneKTpoHHoro ra3a” b KpHCTannHHecKOH pemeTKe npoBopnnKa iipn nocTyna- 
TenbHOH CKopocTH ero V\ = 0, coraaciro [62], HMeeM 

p/j 2 z 5/3 


P o = 


l2ym e R* 


(6.29) 


rpe P - nocToaimaa nopapKa 1; ti - nocroaHHaa nnamca; z - BancmnocTB Me- 
Tajina, y - nocToaimaa nopapKa 1 ; m e - Macca sneKTpoHa, R - paccToamie Meac- 
py cocc/iiihmh hohpmh MeTajuia. C vhctom (6.26) h (6.29), ppa CTaTHHecKoro 
paBnemia po nocTynaTenbHO pBHacymeroca “sneKTpoHHoro ra3a” b KpucTanjiH- 
necKOH pemeTKe npoBopnnKa 6ypc\i hmctb 

fffrz 5 ^ m e n 0 V 2 


Pi = 


12 ym e R~ 


(6.30) 


B CJTaOOTOHIlBIX 3JTCKTpH'[CCKHX HCnaX, npH nPOTHOCTaX SJieKTpHHeCKOTO 
TOKa, He npeBbimaiomux epmnm A/mm 2 , hb.tciihc “nopeoca” aneKTpoHOB npo- 
BOPHMOCTH H3 OOCCTOHCnilBIX npOBOPHHKOB ripaKTHHCCKH HHHTOaCHO BBHPy Ma- 
JIOH CKOpOCTH nOCTynaTeUBHOTO PBHaCCHHa 3JieKTpOHOB npOBOPHMOCTH B KpH- 
CTaiuiHHecKOH pemeTKe npoBopnnKa, pocTHraiomcil BiraHcniiii nopapKa epmnm 
mm/c. Opiraxo ripii impyimpoBamm HMnypbCHbix tokob b npoBopm-iKax. iipn 
KOTOpbIX njIOTHOCTb TOKa MOPCeT pOCTHTaTB lO '-K)' A/MM 2 , a CKOpOCTB 3JieK- 
TpOHOB npOBOPHMOCTH MOaCeT B03paCTaTb PO BePHHHH 10 2 —10 3 m/c , 3<])<])eKT 

“nopeoca” 3JieKTpOHOB npOBOPHMOCTH H3 OOCCTO'ICnilBIX npOBO.lIlHKOB MOPCeT 
B03pacTH Ha 10-12 nopapKOB h movkct npepcTaBPaTb yace onpepcncmiBm npaK- 
THHecKHH HHTepec. MaTepnajibi paimoil paooTBi [61] 6 Burn o n y 6 jth k o b a n b iil 

eme b 1975 r. h tojibko b 1985 r. 6 bdih noJiyncnBi nopTBepacpemia [63], hto 
3(])(])eKT nonoacHTenbHOH sapapKH npoBopirnKa c SJiCKTpoimBiM tokom pchctbh- 
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TenBHo cymecTByeT. Tlpii stom cnejiyeT otmcthtb, hto cornacHo cjiopManbHbix 
peUHTHBHCTCKHX npeACTaBHeHHH CTO, HpOBO/UlHK c 3neKTpOHHbIM TOKOM, B 
COCTOJIHHH ero IlOKOfl B IienO.lBH’A'IlOH Jia6opaTOpHOH CHCTCMC OTCHeTa, AOmKeH 
npno6peTaTb OTpimaTenbHbiii sneKTpiiHecKHH japm. a He nonoiKHTenbHbiH. 
TaKHM o6pa30M, M05KH0 KOHCTaTIipOBaTb TaK5Ke, HTO n OJTO/K MTCJT B11BIC pe3yHBTa- 
tbi 3 k c n ep m \t e 11 t a [63] TaioKe omiomaHiio no/iTBcpvK/iaioT orpaniiHcimocTB pe- 
nflTHBHCTCKHX 1 1 p CTCTa BH C IIIIH a6cTpaKTHOH TeOpilIl CTO IipUMCimTC-ITbllO K 
peantHOMy OKono3eMHOMy npocTpaHCTBy rpaBHTaHHOHHoro nona h c[m3HHecKO- 
ro BaKyyMa. 

B Tcopen'iccKOM nnanc hbjiciihc pemrm bhctckoh pacKOMiicncanmi toko- 
bbix cucTeM, Kax OTMeHanocb Bbirne, paccMarp hB anco b eme b KHHre P.®eiin\iaiia 
[52]. B npaKTHHecKOM nnaHe a bjtcii nc bo3mo>khoh pchhthbhctckoh 3ncKTpn'ic- 
ckoh pacKOMncucaiiHH tokobbix cucTeM eme b 1970-1980 it. cepbe3Ho o6cy>K- 
/janocB b iiciaTH. /]eno Bee b tom, hto npaKTii'iecKH Bee TOKOBbie cucTeMbi Ha 
noBepxHocTH 3eMHH cBrnani.i, npoK/ic Bcero, c tjtcktpoiiiibimh HocHTemiMH to- 
Ka, B TOM HHCJie H BCe OHOHOTHHeCKHe OOBCKTBI. A 3TO OBIia'iaCT, HTO Bee TOKO¬ 
Bbie CHCTeMbI H OHOHOTHHeCKHe OOBCKTBI .TO.TATIBI 6bITb lapflVKCIIBI OTpIIIiaTCJTB- 
ho. Henocpe.TCTBciiiio TeopeTHHecKOMy ooociioBaimio stoto cjieHOMeHa, b cBoe 
BpeMH, 6bi.na nocBumena /iiicccpTaiinfl B.11./loKy l iacBa, KOTopbin .TOKaTi.iBan 
B03M05KH0CTB H3JiyHeHHH OT )KHBbIX o6beKTOB nepeMeHHbIX 3JieKTpHHeCKHX no- 
neil b bh/ic npo.Toni.iiBix 3JieKTpoMarHHTHbix bouh. n P H jiHHHbix BCTpenax c 
B.H./JoKynaeBbiM aBTop iicomiOKpaTiio nbiTancn yoc/niTi. ero b ouih6ohhocth 
CTO II peJIUTHBHCTCKHX npC/lCTaBJTCIIIlii II HTO peanbHblM HBOSICTCfl 3(j)(])eKT He 
OTpimaTeUbHOH, a HOnOVKHTCnBIlOH japiI.TKH TOKOBbIX CHCTeM C 3neKTpOHHbIMH 
HOCHTenHMH TOKa. H TonbKO k or.ua noHBHUHCb no.TTBcpvK.TCiiiii-i b nyoniiKaimn 
[63], aBTop ncpc/ian Konmo stoh CTaTbH hhhho B.M./JoKynacBy. 


6. O npoBepKe (JjyHAaMeHTajibHbix cooTHomeHHH Ha HC3 


3HaHHTenbHbie ycnexn b pa3BHTHH coBpeMeHHoii KocMHHecKoii TexHHKii 
npiiBenii k nouBnciimo b c[)H3HKe uenoro pm a hobbix HanpaBnemni uccnc/iOBa- 
HIIH, TaKHX KaK (])H3HKa 0K0H03eMH0T0 H KOCMIIHeCKOTO npOCTpaHCTBa, OKOHO- 
iCMiiaa h KOCMiinecKaa pa.Tiiocp.n3B, kocmhhcckoc tc.tcbh.tciihc, aspo.TiiiiaMHKa 
HCKyecTBeHHBix He6ecHbix Ten, c[)H3HKa BiaiiMo.TCHCTBiiri ncKyccTBeHHbix He6ec- 

hbix Ten co cpc.TOH, iiccnc.TOBaiiHH Comma, ibci.t, ranaKTHK c HCKyecTBeHHBix 
cnyTHHKOB 3eMnn (HC3) h c KOCMiinecKiix Kopa6neii (KK) h t.,t. /TocTHniyTBic b 
KOCMHHecKOH TexHHKe ycnexn noTBonmoT pemaTb pan npaKTHHecKiix 3a^an no 
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ycTaHOBJieHHK) Ha 3 cmhc rjio6ani>HOH chctcmbi paai-iocBa-SH h chctcmbi TeaeBii- 
AeHiia l icpc3 HC3, ocymecTBJiefflui chctcmbi rao6aaBHoii MCTcocay/KOBi h chc- 
TeMbi rno6ajibHoro cac/Kcnna 3 a coctohiihcm boa b oKeaHax h hx nepeMemeHii- 
eM, npoBCAcnnsi tco(])H3hhcckhx HcaTC/ioBanHi'i noBepxHocTH 3eMnn h ee npii- 
poflHbix 3anacoB h noae3HBix iiciconaeMbix. Ochobhbim nanpanaciiHCM hoboto 
3Tana paiBinna kocmhhcckoh tgxhhkh oypcT peanH3amui npocKTOB npiiKaaA- 
hbix HC3, C03,paiiHC TpaHcnopTHBix KOCMHHecKHX Kopa6aeil Ha 50-100 acaoBCK 
c none3HbiM o6i.eMOM ,xo 1000 m , op6iiTaaBHBix ct3hhhh, MOKnaancTiiBix koc- 
MHHecKHX Kopa6neH [64-66]. EoaBiuoe Biia'icimc irpi-ipacTCJi 3anycKaM mhoto- 
UcacBBix HayHHbix HC3 [67]. B kocmhhcckom npocipaHCTBe b iiacTOJimcc BpeMS 
naxo.iHT imipoKoe npHMeHeHHe caMbie painooopaiiiBic nayaiiBic npnoopbi h 
ycTaHOBKH, ao ncpaBiicro BpeMeHH npuMcnacMBic toubko b ycaoBiiax Ha no- 
BepxHOCTH 3eMHH. naaimpyioTca 3anycKH hoboh naynioil annapaTypti h npo- 
BCACI1HC B KOCMOCe HCaOTO pjl.ia nOBBIX ([iHWICCKHX 3KCnepHMeHTOB, AO Ha- 
CTOHIHCTO BpeMeHH npOBOAHMbIX T3K>Ke B yCJIOBHJIX TOUBKO Ha nOBepXHOCTH 
3eMJiH. npcA-xaraioTCH 3anycKH Ha op6nTy caoKiicHincH pa.THOTCx 1 1 hhcckoh 
annapaTypBi, paAi-ioaoKaiiHoniiBix cucTeM, aaacpiiBix cucTeM, aacpiiBix peaKTO- 
poB, 3BM. npcA-xaracTca ycTaHOBKa Ha HC3 ycKopiiTeaa 3apa>KcimBix HacTi-in 
Ha npcAcabiiBic 3Heprnn [19, 68,69]. PacacTBi Bcex sthx caovKiicHiiiHx cucTeM 

npOBOAHTCa OOBIHIIO TaK5Ke npHMeHHTeJIBHO TOUBKO K ([iHTHHCCKHM yCJIOBHJIM Ha 
noBepxHocTH 3eMHH. B cbh3h c sthm npi-ioopcTacT hckjiio i i HTca b 11 o 6onBmoe 
aKTyanBHoe 3HaaeHiie Bonpoc o noJiHoil (])H3HHecKOH SKBHBaaeHTHOCTH ycaoBini 
Ha noBepxHocTH 3cm.th h, HanpiiMep, Ha HCKyecTBeHHOM cnyTHHKe 3eMHH h 
AOCTOBepHOCTB pe3yJIBTaTOB H3MepeHHH npil6opOB, yCTaHOBJieHHBIX Ha OOBCK- 
Tax, ABH'/KyiHHXCH OTHOCHTeUBHO nOBepXHOCTH 3eMHH. KaK H3BeCTHO, BCfl 3Ta 
cno>KHeHHiaH TexHiinecKaa h TacKTpoimaa annapaTypa pacaHTBinacToi h CTpo- 
htc a b ycaoBiiax Ha noBepxHocTH 3eMHH b HenoABH>KHOH aaoopaTopnoH cHCTe- 
Me OTC'iCTa. Me5KAy TeM KaK peaaBHaa npaKTHaecKaa pa6oTa sthx ycTpoiiCTB 
AOIDKHa npOHCXOAHTB B ABH>KymeHC5I OTHOCHTeUBHO nOBepXHOCTH 3cM.TH CHC- 
TeMe OTC'iCTa, T.e. 3aBeAOMO b Apyrux ([ihthhcckhx yeaoBiiax. B nacToaiiicc 
BpeMJI HCKJHOHHTeUBHO aKTyajIBHBIM CTailOBHTCH Bonpoc, HaCKOJIBKO ())H3H'IC- 
CKHe yeaoBiia Ha kocmh'icckom o6bcktc OKa3BiBaK>Tca 3 k b h b a a c iit n b 1 m h c])H3h- 
necKHM ycnoBiuiM b iioKoaiiicH Ha noBepxHocTH 3eMHH cHCTeMe OTcacTa. ripn- 
HHMa BO BHHMaHHe, HTO AO IiaCTOHIHCTO BpeMeHH IipHMBIX 3KCnepHMeHTOB (Me- 
XaHHHeCKHX, OUTH'ICCKHX, 3a C KTp OAHU a M H H C C K H X ) B ABH/KYIHCHCH OTIIOCHTCaB- 
ho noBepxHocTH 3cMan He CTaBHaocB, to npcacTaBaacTca aKTyajIBHBIM Bonpoc 

06 3 KcnepHMeHTajiBHOH npoBepKe b ycaoBnax ABHacyim-ixea OTHOCHTeUBHO no- 
BepxHocTH 3 e\iaH HCKyecTBeHHBix He6ecHBix Tea ochobhbix c}) y iia a mcht aa b 11 bix 
eooTHonieHHH c])H 3 hkh: cnciiHaaBiioro h o6mero npnHunna OTHOCHTeaBHOCTH, 
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iipinimiiia 3KBHBajieHTH0CTH, 3aK0Ha BceMupHoro TaroTCima, CTaTH'iccKoro 3 a- 
KOHa KynoHa, 3aKOHa nocToancTBa cxopocTH CBeTa, HHBapnaHTHOCTH 3aKOHOB 
3HeKTpOflHHaMHKH H T./I. BnepBBie 3a BCIO HCTOpHIO CyillCCTBOBailHH B (])H3HKe 
Gcckoiichiibix cnopoB o nycTOM h He nycTOM npocTpaHCTBe, o ([ihihhcckom Ba- 
KyyMe peantHoro OKOno3eMHoro h Kocvin'iecKoro npocTpaHCTBa, npepcTaBJineT- 
ca iiaKonen peanbHaa bobmovkiioctb iipavioit npoBepKH SKBHBaneHTHOCTH (])H3 ii- 
HeCKHX CBOHCTB riOKOaillCHCH B ipaBHTaHHOHHOM nOJie 3eMJIH CHCTeMBI OTCHCT3 

h b jiio6oh .iBHVKymcHCH oTHocHTentHo ee, HanpiiMep Ha HC3, KK, Ha KOToptie 
ponroe Bpevia obiiih HanoaceHbi bchkoto popa aKapcviHHCCKne 3anpeTi>i. Mhoio 
jihhho neopnoKpaTiio nonynanHCB oc[)HHHajibHbie nuctMa H3 OTpeneHiifl (J»h3hkh 
H aCTpOHOMHH AH CCCP, B KOTOptlX HayK006pa3H0 yTBCpaCpaPOCb, HTO JIK)6bie 
MaTepnanbi, b KOTopbix iiopimviaioTca Bonpocti kphthkh CTO h OTO k pac- 
CMOTpeHHio He npuHHMaioTCJL Ecjih peanbHoe 0K0H03eMH0e npocTpaHCTBO rpa- 
BHTauHOHHoro nona h “c})H3H t iccKoro BaKyyMa” no cbohm (])H3h 1 icckhm cbohct- 
BaM aeHCTBHTeUBHO OKa’A'CTCH eymeCTBeHHO OTJIHHHbIM OT aGcTpanipOBaHHOrO 
nycToro npocTpaHCTBa CTO 11 a6cTparnpoBaHHoro KOBapnaHTHoro npocipaHCT- 
Ba OTO, to MHoroHHCJieHHBie TpypHOcra, npoTHBopeHHH h napapoxcbi MoryT 
HaHTH CBoe nenpoTHBopcHHBoe pa3penieHHe. H yace npoBcpcniiBiit upc.TBapii- 
TeJIBHBIH TCOpCTH'ICCKHH aHajIH3 3THX npoTHBopennH h napapoxcoB noKa3biBaeT, 
HTO 3TO pC 11CT B HTC JT BIIO TaK. K TaKOTO pOP3 TpypIlOCTflM MOaCHO OTHeCTH, Ha- 
npHMep, nonbiTKH iinTcpnpcTaiiHH vreTopaviH CTO h OTO HMCtomuxcH skciic- 
pHMeHTajIBHBIX H TeOpeTHHeCKHX (JjaKTOB B o6naCTH OnTHKH H 3JIC KTpOP HIIa MHKH 

0K0H03eMH0T0 npocTpaHCTBa [3,4,20,36,58,72,73], a Taicace b oOnacTH <})H3hkh 
nppa h 3JieMeHTapHbix nacTim h b HCKOTopBix ppyrux npHiuiapHbix oOnacTnx. 
P aCCMOTpHM HeCKOJTBKO npHMepOB, B KOTOpbIX 33 Tp a T H B a IOTC M (})>'IipaVTCIITajIB- 
Hbie nojioacefflM coBpeMeHHOH c])H3hkh. 

B oOnaCTH OnTHKH B IiaCTOHIIlCC B pc MM POCTOBCpilO H3BeCTHO, HTO CKOpOCTb 
CBeTa CHMMeTpHHHa OTHOCHTeJibHO noBepxHOCTH BpamaKimcroca rpaBHTiipyio- 
mero Tena 3eMHH bo Bcex iianpaBJicimax c tohhoctbk) po peamcoB h cphiiiiii 
cm/c [26-30], T.e. CKopocTb CBeTa Ha noBepxHOCTH 3 cmjih onpepcJiacTca coot- 
HomeHHeM Bupa C = Co = const bo Bcex iianpaBJieimax othochtcjibho noBepx- 
hocth nnaHeTbi. Opnaxo b iracToamcc Bpevia Taxace pocTOBcpno e Ooubihoh cTe- 
neHbio tohhocth H3BecTHo, hto CKopocTb CBeTa b noKajibHo Bpamaiomeitca OT- 
HOCHTeJibHO noBepxHOCTH 3eMHH chctcmc OTcneTa onpepcJiacTca coothoihchh- 
eM BHpa C = Co ± HR huh C = Co ± V [13,22-24,70,71], rpe H - yrnoBaa cxo- 
pocTb Bpaiiienna. V - jn-meiiiiaa CKopocTb Bpameima. CoBviecTiiaa HHTepnpeTa- 
him pamiBix 3KcnepHMeHTanbHbix pe3ynbTaTOB oxaiBiBacTca 3 aTpyp 11 ittc jt b 11 o it 
Kax c no3HHHH CTO, Tax h c no3HHHH OTO. Ecuh hcxophtb H3 hcxopiibix koh- 
penmin CTO o hch3mchhoh cxopocTH CBeTa C = const b jiioobix pBnacyninxca 
OTHOCHTenbHO ppyr ppyra HHepHHajibHbix cucTeMax otcictb [19] h CHHTaTb, 
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npiiHiiMan bo BHHMaHHe 3HaHHTeni>HBie pa3Mepti Tena 3eMJiH, hto CHCTeMa ot- 
CHCTa, CBHiannaa c noBepxHOCTBio BpamaiomcMcH 3 cmjih h ciiCTOMa OTCicTa 
CBH3aHHaa C JIOKajIBHO JTBIT/KyiUHMCH OTHOCHTeJIBHO nOBepXHOCTH 3eMHH npn6o- 
poM, b KaKOM-TO npn6nH>KeHHn HBnaioTca HHepmiajiBHBiMH, to ooiiapyvKHBaeT- 
ca, HTO npHMeHIITOJIBHO K BpaiHaiOIHCHOI CHCTOMO OTCHOTa, CB333HHOH C 3 C MUCH 
B HCJJOM, KOIII[ClIIEMU CTO O CKOpOCTH CBeTa C = C 0 = const OKa3BIBaiOTCH /10- 
nyCTHMBIMH, MC'/K/iy TeM KaK RJISL JIOKajIBHO /IBITA'yiUCHCfl OTHOCHTeUBHO no- 
BepxHocTH 3eMJiH cucTeMBi oTcneTa Koiiiiciimin CTO o nocTomicTBe h chmmct- 
pnn CKopocTH CBeTa OKasBiBaioTCH HapymeHHBiMH [39]. TaKHM o6pa30M, earn 
Bpamaiomyioca cucTeMy otchct 3, cBjnaimyio c noBepxHocTBio 3 cmjth, b otho- 
meHHH BBinoniicima 3aKOHa C= Co = const c tohhoctbio .to c.thiiiiii cm/c movkiio 
CHHT aTB HHepunajiBHOH, to moGaa, HanpiiMep, Bpamaioma?ic?i JIOKajIBHO othoch- 
TenBHo noBepxHocTH 3 cmjih cHCTeMa OTcneTa b npii6jiH)KeHHH VIC He hbjihctch 
T aKOH. IIpHHeM CIIC/iyeT OC060 o6paTHTB BHHMaHHe Ha TOT (jjaKT, HTO aCHMMCT- 
pH >[ CKOpOCTH CBeTa B pa3JIHHHBIX BpaiHaiOIIIHXOI JIOKajIBHO OTHOCHTeJIBHO 3eM- 
jih CHCTeMax OTcneTa oo11apyac hb acTC h He b pa3JiHHHBix >Ke iipnoTHVKCiiinix. hto, 
Ka3ajIOCB 6 bI, H C-TC.TOBcLTO OVKH/iaTB H3-3a pa3JIHHHH MCVK.Ty C060H JIOK3JIBHBIX 

BpamaioimixcH encTeM a b HeH 3 MeHHOM npn 6 jiH>KeHHH VIC. rio/iooiioe hobc.tc- 
HHe CBeTa bo BpamaiomeiicH JIOKajIBHO othocht6jibho noBepxHocTH 3eMJiH chc- 
TeMe OTCHeTa C n03HHHH CTO OKa'JBIBaCTCfl IICOOBMC 11 IIM BI M, HTO, B CBOIO OHe- 
pe.TB, OOOCTpHCT Bonpoe O npHHHHaX TOHHOTO nOCTOUHCTBa H CHMMeTpHH CKOpO- 
cth CBeTa bo BpamaiomciicH encTeMe OTcneTa, cBjnaimoM e 3eMJieil b hcjiom. Tax 
KaK HeiiHepuHajiBHocTB 3eMJiH aaBc/iOMo H3BecTHa. 

Ecjih >Ke hcxo.thtb H 3 ko 11 uc 11 h it f t OTO, hto b jiio6oh BpamaiomcHca CHC- 
TeMe OTcneTa ckopoctb CBeTa onpcacjiHCTCH cooTHoiueHiieM Bii/ia C = Co ± OR, 
[16-18,25], to 0611 apyacn b acTCa . hto npiiMeHHTeJiBHO k JIOKajIBHO BpamaiomiTM- 
ea OTHOCHTeUBHO noBepxHocTH 3eMJiH ciicTeMaM OTcneTa KOHuenmin OTO o 
CKOpOCTH CBeTa C = C(i + £1 R OKa3BIBaiOTC5I TOnyCTIIMBIMII, MC'/KJTy TeM KaK rjisl 
BpamaiomciicH encTeMBi OTcneTa, cBjnamioii e 3e much b penoM, koiiuciiiiiiii 
OTO 06 acHMMeTpHii CKopocTH CBeTa Ha noBepxHocTH BpamaiomciicH 3eMJiH 
0Ka3BiBai0TCJi HapymeHHBiMH [26-30]. ConiacHO OTO, npiiMeHHTeJiBHO k oko- 
ji03eMH0My npocTpaHCTBy ckopoctb CBeTa Ha noBepxHocTH 3eMJiH b 3KBaTopn- 
aJiBHOH nacTH no HanpaBJieHino eyTOHHoro Bpamcinni ee it npoTHB ,ion>Kiia on- 
pe.TCHJITBCH COOTHOmeHHeM C = Co ± 400 m/c, r.TC L1R,, = 400 m/c - CKOPOCTB 
eyTOHHoro iicpcMcmcinni noBepxHocTH 3eMJiH b npocTpaHCTBe, o/uiaKo b onBi- 
Tax [26-30] aciiMMeTpiTH CKopocTH CBeTa e jiocTaTOHiioii cTeneHBio tohhocth He 
o6Hapy5KeHO. IlocJie nocTaHOBKH tohhbix onBiTOB Tuna MaHKeJiBCOHa b ycJioBH- 
ax iicno.TBii'/Kiioii Ha noBepxHocTH 3eMJiH encTeMBi OTcneTa, ycTaHaBJiHBaiomHX 
OTcyTCTBiie bjihuhhh eyTOHHoro Bpameiimi Ha ckopoctb CBeTa [16], co Been on- 
peaejieHHocTBio mojkho y>Ke yTBcp>K,TaTB, hto iinTcpnpcTaniiH nojio>KHTejiBHBix 
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pe3yni>TaT0 B oiibitob Tuna CaiihHKa MCTO/iaMH OTO h HnTcpnpcTaiiHH hojtovkh- 
tcjibhbix pe3yni>TaTOB ontiTa Tuna MaHKeJiBCOHa - Tena [33], [16] OKaiBiBaioTCH 
He^onycTHMtiMH. OcHOBBiBaacB Ha y*e hmckmhhxch Ha ccro/infliinmil ,tciib 
3KcnepHMeHTanBHBix (jjaicrax, co Been onpezieneHHOCTBio mo>kho yTBcp>K,TaTB, 
hto 3aKOH pacnpocTpaHeHiiH CBeTa b okojio3Cmiiom npocTpaHCTBe C = Co ± V 
OKa3BiBaeTca ac hmm e Tp h h ii bi\t He tojtbko bo BpanunomuxcH noKanBHo othoch- 
TenBHo noBepxHocTH 3eMHH ciicTeMax oTCHCTa, hto y>Ke AOCTOBcpno iobcctho 
[22-24], ho h b jho6bix Bpamaiomuxcfl raoOajiBHo h .iBiivKymuxcH npoH3BonBHo 
OTHOCHTenBHO noBepxHocTH 3eMHH CHCTeMax OTCHera [3,4,58-60], Cne^OBa- 
TenBHo, b nacToamcc BpeMH npno6peTaeT hckk>hhtc:ibho oojibiiioc anaHcime 
Bonpoc o ripjiMoil npoBepKe CHMMeipuHHBix huh acHMMeipHHHBix onTHHecKHX 
CBOHCTB 0K0JI03eMH0r0 npOCTpaHCTBa B HK)6 bIX npOH3BOHBHO .3BH/KYHIHXCM H 
BpamaiomuxcH rjio6a:iBHO otiiochtchbiio noBepxHocTH 3 cmjih CHCTeMax otchc- 
Ta. npeacTaBiEaeTca TaK>Ke aKTyajiBHBiM Hccne^OBaHne 3aKOHa pacnpocTpancima 
CBeTa H npHMeHHMOCTH K 3TOMy 3aKOHy npHHHHna OTHOCHTeJIBHOCTH CTO He- 
nocpcncTBCimo Ha HC3 h KK b ycnoBiiax OKOno3eMHoro h kocmhhcckoto npo- 
CTpaHCTBa. 

H3BecTHBi TpyflHocTH [3,4,5,20,39,59,63,69], KorapBie BCTpenaioTca npn 

HCn0JIB30BaHHH MCTO/lOB KJiaCCHHCCKOH H CneHHajIBHOH 3JT C KTpO.l H 11 a M H K H H 
MeTOAOB OTO npn paccMOTpeHnn pa/ia npaKTHHecKHX ancKTpo/i h ii a mhhcckhx 
3a/iaH, CBH3aHHBIX C OnpCACaCIlHCM 3JieKTpHHeCKHX H MaTHHTHBIX nonci'l B no- 
KOJHHHXC5I H B /IBHVKy IHHXCfl CHCTeMax OTCHeTa OT JIOKajIBHO Bpamaiomuxca Ha 
noBepxHocTH 3eMHH aapa'/KcniiBix c(J)ep h ot iapfl'/KcniiBix c(J)ep, CBajaniiBix c 
Bpamaiomcilca 3c much b penOM. Ecjih hcxo/ihtb H3 3 k c n e p h m c ii t an b n o naomo- 
/lacMoro b na 6 opaTopHOH CHCTeMe OTCHera coneHOH^anBHoro MarHHTHoro nona 
ot Bpamaiomi-ixca pa3H0HMeHH0 sapavR'cimBix aficp ccjicpiiHccKoro Koii/iencaTo- 
pa (KonBpeBBie tokh KoiiaciicaTopa sKBHBajicm iibi kojibucbbim tortim 3aMKHy- 
TBIX KOHTypOB), TO npHMeHeHHeM H3BeCTHBIX MCTO/lOB 3,3CKTpO.THII aMH K H He 
yuaeTCfl noxasaTB oTcyTCTBHe MarHHTHoro nona bo BpamaiomeHca BMecTe c 3a- 
PJDkchhbimii c<])cpaMH Kon/icncaTopa CHCTeMe OTcneTa [3], npiiHCM 3a^ana oxa- 
3BiBaeTca Hepa3peniHMOH b nepBOM npn 6 nH>KeHHH VIC. Ecuh paccMaTpuBaTB 
noBepxHocTB 3cmjih icaic aHajiornHHyio Bpamaiomyioca ccjiepy, to Bonpoc o 
npHMeHHMOCTH mcto/iob s.acKTpo,! h i ia m h kh CTO h OTO Ha ee nOBepXHOCTH He 
nnnncTcn ctohb y>K ohcbh.tiibim. Ecuh H3BecTHBie 33KOHBI one KTpoa hii a mhkh 
peanBHo npuMeHHMBi Ha noBepxHocTH 3cmjih, to npiiMemiMocTB “3cmhoh” 
3JieKTpoflHHaMHKH b niooBix Bpamaiomuxca KaK noKanBHo, Tax h rjioOanBHO ot- 
HocuTenBHo noBepxHocTH 3cmjih CHCTeMax OTCiCTa (HanpuMep, b chctcmc HC3 

H KK) M05KH0 B3HTB 110,1 COMHCHHe, TaK KaK B /ip>THX CJiyHaaX, B aHajIOTHHHBIX 

ycnoBiiax, OHa OKa3tiBaeTca naBC/iCMO HenpiiMeHHMOH [3,4,5,20,39,61,63,69], 
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EcTecTBeHHO, B03HHKaeT Bonpoc, KaKyio BennHHHy nonpaBKH Ha aneiapo- 
MarHHTHtie nBJiemm movkiio ovKiipaTi, bo Bpamaiomeiicvi (pBiivKymcHcvi) othocii- 
toibho noBepxHocTH 3cmph cucTeMe oTCHCTa (b chctomo HC3, KK) ot Han hhhs 
(JiaKTopa BpanjeHiM 3cmph BOKpyr cboch och, Bpameimvi cnyTHHKa okojio 3cmph 
h cymecTBOBaimvi b okojio3Cmhom npocTpaHCTBe “(])H3HHCCKoro BaKyyMa” h 
rpaBHTaHHOHHoro nona MaccHBHoro rpaBHTupyioimiro Tena 3cmph. IIpjiMBiM 
OTBOTOM Ha 3TOT BOnpOC flBJUHOTCfl p03yJIBTaTBI COBMeCTHOTO aHajiH3a HMeiO- 
IUHXCfl Ha CerOflMHIHHH PCIIB 3KCnepHMeHTajIBHBIX H TeOpeTHHeCKHX (fiaKTOB B 
o6naCTH OnTHKH H 3 Jr C KTp 0,3 H11 a M H K H 0K0JI03CMH0T0 npOCTpaHCTBa. noUTOKH- 
TeJTBHBie p03yJIBTaTBI OriTH'ICCKHX OnBITOB THna CaHBHKa BBIUBJMIOT BeCBMa 
BaVKHOe (|)H3HHCCK0C CBOHCTBO 0K0JI03CMH0T0 npOCTpaHCTBa, HTO npn PBHVKCIIIIII 
HCTOHHHKa CBeTa OTHOCHTeUBHO nOBepXHOCTH 3eMHH CKOpOCTB CBeTa B CHCTeMe 
HCTOHHHKa OKaiBIBaCTCH aCHMMeTpHHHOH y>Ke B nepBOM npH6nH>KeHHH VIC. 
Movkiio mbicjichho yBenHHHTB pa3MepBi ycTaHOBKH onBiTa CaHBUKa, yBeniiHHB ee 
nnenn po pa3MepoB 3cmph h noMecTHB hctohhhkii CBeTa, 3epKana h npn6opBi Ha 
HecKonBKHx HC3, Bpamaiomuxcvi b opuoii nnocKocTii h pacnonovKeHHBix no 
yrnaM TpeyronBHHKa huh KBappaTa, oxBaTBiBaiomero 3cmpio. IIoJiovKHTeJiBHBie 
pe3ynBTaTBi TaKoro rno6ajiBHoro onBiTa, c op noil ctopohbi, 6ypyr npeponpepc- 
neHBi nojrovKHTeJTBHBiMH pe3yjiBTaTaMH KJiaccHnecKoro onBiTa CaiiBHKa, nepe- 
npoBepeHHoro b nacTovniicc Bpevivi c 6ojibihoh cTeneHBio tohhocth c ncnojiB30- 
BaHHeM KBaHTOBBix rcnepaTopoB h na3epoB. OpiiaKO, c ppyroii ctopohbi, cjiepy- 
eT OTMOTHTB, HTO IIOJIOVKHTCJIBIIBIC p03yJIBTaTBI TaKOTO MBICJieHHOTO TJIo6ajIBHO- 
ro onBiTa CaiiBviKa oypyT iiaxopiiTBCvi y>KC b jibhom npoTHBopennn c pacneTaMH 
3THX p03yJIBTaTOB C HCnOJIB3OBaHH0M MCTOPOB OTO, TaK KaK nOJIOVKHTOJIBHBie 
pe3yjiBTaTBi TaKoro rno6ajiBHoro onBiTa 6ypyr tojibko b tom cnynae, Korpa yr- 
JIOBBie CKOpOCTH BpaiUCIlIIVI MBICJIHMOH TJIo6ajIBHOH yCTaHOBKH onBiTa CailBVIKa 
oypyT OTnnnaTBca ot yraoBoii CKopocra Bpameimvi caMoii 3cmph b hcjiom. B 
3tom cnynae nonovKHTenBHBie pe3yjiBTaTBi mbicjichhoto onBiTa CaiiBviKa opno- 
3HaHH0 OnpCPCPVIT C060H IICnOCTOVHICTBO CKOpOCTH CBeTa B CHCTeMe cnyTHHKa 
no HanpaBJieHHio ero Bpameimvi othochtcubho 3cmph h npoTHB h, cootbctct- 
BeHHO, nOCTOVniCTBO CKOpOCTH CBeTa TOUBKO OTHOCHTeUBHO nOBepXHOCTH 3eMHH. 

B CHCTeMe cnyTHHKa 3cmph, kotopbih pbhvkctcvi othochtcubho noBepx- 
hocth 3eMHH co CKopocTBio V = Ll ' Ri ,. ckopoctb CBeTa no HanpaBJieHHio Bpame- 
11 h vi cnyTHHKa h npoTHB ponvKiia 6bitb aCHMMeTpHHHOH h paBHOH Co ± V . TaKHM 
o6pa30M, earn b chctcmc cnyTHHKa 3cmhh ckopoctb CBeTa OKaiBiBaeTcvi acHM- 
MeTpHHHOH yVKC B nepBOM npH6nH>KeHHH, TO 0P110 TOPBKO BBCPCIIHC B KPaCCHHe- 
CKyiO II peJIVITHBHCTCKyiO 3 JIC KTp O p I1 II a M H Ky II B 3JTC KTpOP II11 a MII Ky OTO (b 
ypaBHeHuvi MaKCBenna pns 3jie KTpovia ri i ht n o ro noun) bmccto KOHCTaHTBi C = 
Co = const acHMMeTpuHHoro ee 'maHcimvi C = C 0 ± V npiiBepeT k npiiHunnHajiB- 
HOMy OTPHHHIO (TaiOKe B nepBOM lip IIOJTIT/KCIIMH ) 3JIC KTpOP H11 a M H K H B CHCTeMe 
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cnyTHHKa ot “3eMHon” 3-3c kt po,3 m 11a m ii k ii. Eonee Toro, TaK KaK ckopoctb CBeTa 
ocTaeTca BemiHHHOH nodoaHHOH tojibko otiiochtc-Bbiio chctgmbi otchcth, He- 
noziBiDKHOH OTHOCHTentHO noBepxHOCTH 3 cm.bm [26-30,51] KaK b rpaBHTaiiHon- 
hom none 3eMnn, TaK ii b cyMMapHOM HyneBOM none b cncTeMe cnyTHHKa, rne 
rpaBHTannoHHoe none 3eMnn CKOMneHcnpoBaHO SKBHBaneHTHBiM eMy noneM 
ycKopcniia cnyTHHKa (cocToamie HeBecoMOCTn), to cnc/iycT nornnecKHn bbibo/b 
hto rpaBHTannoHHBie nona, 3KBHBaneHTHBie rionavi ycKopemia, n rpaBHTannoH- 
HBie nona peanBHBix rpaBi-mipyiomux Ten no cbohm ([jhsmhcckhm cBoncTBaM, b 
OTH omeHHH OTpancemia 3aKOHOB 3-3 e KTpo ,1 h na mhkh , eyinecTBCimo pa3nnnHBi. 
3 to, b cbok) onepe^B, iraK_3a,3BiBacT onpcncncimBic orpaiiHHcniia n Ha npiiMe- 
hhmoctb npuHnuna 3KBHBaneHTHOCTH b peanBHOM npocTpaHCTBe. 

Ecnn 6 bi b peanBHOM cnynae BnnaHne Bpaincima cncTeMBi OTcneTa n cyme- 
CTBOBaHne b npocTpaHCTBe rpaBHTannoHHoro nona hchctbutc-Bbiio CKa3BiBanocB 
6 bi Ha 3 ncKTpovia n iht n bix aBneHnax TonBKO b BBicmeM npnOnnaceHUH VIC, KaK 
3 to npHHaTO CHHTaTB b nacToamcc BpeMa b Knacci-i'iccKHX h penaTHBHCTCKHX 
Teopnax, to BnonHe OHCBi-iano, hto b 6 onee rpyoovi npnonH/KciiiiH. h TeM 6 onee 
b nepBOM, nio 6 aa 3n c KTpo/i hi i a m hh cc Kaa Banana Bcerna nonacHa 6 Bina 6 bi pa3- 
peuiHTBca. OnuaKO, b ncilcTBHTcnBnocTH, nance Manenmee HCKpHBneHHe TpaeK- 
TOpHH HBHVKCima CT3BHT COBpeMeHHyK) 3-3CKTpO /1 HIMMHKy B Tpy/HIOC I I0-30HCC- 
HHe. Ucno Bee b tom, hto no HacToamero BpeMeHH b (j)H3HKe He c^opMynnpoBa- 
ho noHarae 06 onpedenenmu Mepe HeimepifuajibHocmu cucmeMbi b 3aBHCHMo- 
CTH OT KpHBH3HBI TpaeKTOpHH H CKOpOCTH .IBHVKCIlIia. C IIO MO III BIO KOTOpOH 
mohcho 6 Bino 6 bi, HanpHMep, ycTaHOBHTB, b KaKOM npnOnnaceHnn nonncHa bo 3- 
HHKHyTB nonpaBKa k oEbihhoh KnaccnnecKOH unn penaTiiBHCTCKOH 3-BCKTponn- 
HaMHKe, ecnn mbi paccMaTpuBaeM o.iny nnn npyryio Bpamaiomyioca cHCTcviy, 
KOTopBie bo CTonBKO-TO pa3 OTnH'iaioTca .ipyr ot npyra pannycoM KpnBH3HBi 
TpaeKTopnn h yrnoBBiMH CKopocTaMH. Ecnn ace MepBi ncHiicpuHanBiiocTH b c[)h- 
3HKe HeT, to BnonHe ecTecTBeHHo, hto Manciimcc hckphb.bciihc TpaeKTopnn 
, 3 BH>Kcniia cTaBHT H3BecTHBie one KTpo m a n iht 11 bi c Teopnn b TaKoe nono/Kcnirc, 
hto c npHMeHeHHeM mcto/iob sthx Tcopiiii mioo OTKa3BiBaioTca ot pemeHHa 
3an,an h OTHoeaT hx b oonac'TB ooiiieii Teopnn OTHOCHTenBHOCTH [25,74], rne 
bo3mo>khoctb hx pa3peuieHna HHKaK He ynpomaeTca, .bh 6 o npn pemeHUH no- 
nooiiBix 3an,an Boo6me hi nopupyioi tbaK i Bpamemin, 3aMeHaa ero MTHOBeHHBiM 
HHepnnanBHBiM cocToaHneM. O/maKO HTHopupoBaTB Bpamemie OKa3BiBaeTca 
bo3mo>khbim He Bcerna. TaK KaK b peanBHOM cnynae 3n c KTpon hii a m hh cc khc 3a- 
nanii c BpamaiomHMHca 3apanceHHBiMH cc])cpaMH oTHOCHTenBHO noKoamenca h 
B pamaiomcHca chctcm otcictb He MoryT 6 bitb pa3pemeHBi H3BecTHBiMH Mero- 
,3a mh nance b nepBOM npnOnnaceHnn VIC, to, cnc,30BaTcnBno, cnc/iycT npH3HaTB, 
hto BnnaHne (|);iK ra BpameHiia h cymecTBOBaHna b oKono3eMHOM npocTpaHCTBe 
“c])H3HHecKoro BaKyyMa” h rpaBHTaiiHOHHoro nona bhocht nonpaBKy Ha sneK- 
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TpoMarHHTHtie aBJieHiM TaK>KC onpe/ie/nieMyio b nepBOM npn6nH>KeHHn VIC, KaK 
3 to ycTaHOBJieHO y>Ke b oirn-iHCCKHX 3KcnepiiMeHTax. Taxaa OoJiBHiaa BenHHHHa 
nonpaBKH Ha 3Ji e k Tp o m a r i in t 11 bi c hbjtciiiijt ot y'icTa Bpamemui h cymccTBOBaima 
b 0K0H03eMH0M npocTpaHCTBe “(])H3H'iccKoro BaKyyMa” h rpaBHTaHHOHHoro 
nona MO'/KCT COOTBCTCTBOBaTB TOJIBKO CymeCTBOBaHHIO B Iipupo.ic MaKpOCKOnH- 
'iccKoro (chjibhoto) b 3a hmo/ichctbhji MCA/iy sneKTpoMan iht n bimh h rpaBHTa- 
HHOHHBIMH nOJIflMH, He paCCMaTpHBaeMOrO B COBpeMeHHBIX Teopiuix. Y'lCT >Ke 
cymecTBOBaHiui MaKpocKominecKoro b 3a hmo/ic it c t b ini MOK/iy 3acKTpo\ianiHT- 
hbimh h rpaBHTauHOHHBiMH nonaMH ynoBJieTBopHTeiiBHO pa3pemaeT Te Tpy/ino- 
cth, KOToptie HMeioT MecTo b onTHKe h oneKTpo/i hi ia mhk c oKono3eMHoro npo- 
CTpaHCTBa, h ynoBJieTBopHTenBHO pernaeT npoOneMy o <])H3H'icckhx pa3Mepax 
BpamaiomuxcH rpaBHTnpyiomnx cucTeM, KOToptie b OTO orpain-i'inBaioTcui hhc- 
TO (J)OpMajIBHBIM COOTHOHieHHeM r < Oil [25]. 

C 3anycKOM HC3 h KK nouBHJiacB peantHaa bobmovkiioctb npoBepuTb oc- 
HOBHtie (JjyHjiaMeHTajibHbie cooTiiomeniiH c])h3hkh b /iBHVKymcHCH othochtcubho 
noBepxHOCTH 3eMHH CHCTeMe OTC'iCTa. YcTaHOBKa Ha cnyTHHKax pa3HHHHOH 
pap hot ex n h' iec ko ii annapaTypti HaBHramiH, pap hojio Ka hho i m bi x cucTeM, onTH- 
necKnx h nascpiiBix cHCTeM HMeeT nenocpepcTBcimoc oTHomeHHe k op noil H3 
(JjyHpaMeHTanBHbix nocToamiBix (|)H3 hkh - k nocTOMimoit cKopocra CBeTa Co = 
const. Ecuh b om>iTe Tuna CaiiBHKa c Sojibihoh CTeneHbio tohhocth onpepcjiena 
CKOpOCTB CBeTa Cl ± V B CHCTeMe, JIOKajIBHO PBHVKymCHCJI OTHOCHTCUBHO no- 
BepxHOCTH 3eMHH, to, ohcbi-ipiio, hto Bonpoc o bcjih'ihiic CKopocra CBeTa (huh 
papnocuTHajia) b chctcmc rjioOajiBHo pBi-TAymcrocii othochtcubho noBepxHOCTH 
3eMHH HC3 huh KK odacTCH otkpbitbim. B aocomoTiiOM jiia'ieimii nonpaBKa b 
~8 km/c k ckopocth CBeTa 300 000 km/c HeBenHKa, ho, c tcopcth'icckoh tohkh 
3peHiM, ycTaHOBJieHne ee hmcjio 6bi hckjhohhtcubho OonBinoe 3iia'ieiiHc /uni 
o6ihhx ([lynpaMCHTauBiiBix npepcTaBJieniiii (|»h3hkh. Ilpn TeopeTHHecKOM pac- 
CMOTpeHHH 3JIC KTpO/1 H 11 aM H'ICC KHX japa'I B CHCTeMe HC3 H KK, a TaK>Ke RJlfL 
UCJICH TOHHOH KOCMHHeCKOH HaBHTaHHH, VHCT OTKJIOHCHHH OT OOBUIIIOH 3JICK- 
TpOPHHaMHKH MO'/KCT npCPCTaBHTB y5Ke OnpCPCJICIlHBIH HayHHBIH H npaKTHHeC- 
KHH HHTepeC. /JjIH OKOHHaTeJIBHOrO IIOPTBCpApCIlIM CyilieCTBOBailHH (])H3H'IC- 
CKOH CHMMeTpHH HUH aCHMMCTpHH CHCTeM OTC'iCTa, HOKOHIHHXCH B OKOJI03CM- 
hom npocTpaHCTBe “(])H3H'iccKoro BaKyyMa” h rpaBHTaHHOHHoro nona h pbh- 
AymuxcH othochtcubho Hee, ncooxopiTMa nocTaHOBKa Ha HC3 cooTBeTCTByio- 
mux npsiMBix om n'iecKHx sKcnepuMciiToii no H3MepeHHio ckopocth CBeTa. 

B CB5I3H c npep-BOACiiHCM ycTaHOBKH Ha HC3 ycKopHTenen aapHVKCimBix 
nacTHH B03HHKaeT peanBHaa bo3mo>khoctb nppMOH npoBepKH “McxaiiH'iccKHx” 
CHMMeTpHHHBIX HUH aC M M M CTp H '[ II BI X CBOHCTB OKOH03CMHOTO npOCTpaHCTBa. 

Ecuh bo BpamaiomcHca chctcmc otcictb, cBniainioit, HanpuMep, co chytiihkom 
3eMHH, oypcT o6Hapy>KeHa aHajiorHHHap aciiMMCTpiui ckopocth CBeTa C = Co ± 
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V , KaK h bo Bpamaiomciioi chctcmc otchcth, CBimHHOH c ycTaHOBKoit Tuna 
CaiiBHKa. to npii ycKopcimn BapHVKeimBix nacnm Ha ycKopuTene, ycTaHOBJieH- 
hom Ha HC3, n p c/ict a butch peajiBHaa bobmovkiioctb ycKopuTB BapHVKeimBic nae- 
THHBI ,TO MaKCHMajIBHBIX CKOpOCTeH C(j ± V OTHOCHTeJIBHO HC3. AllCpiIUI yCKO- 
peHHBIX 'IHCTHIl OTHOCHTOJIBHO HC3 B 3TOM CJiyHae OyTCT Onpe.TCJUITBCfl TeM >Ke 
MeTOAOM, KaK OHa onpc/iCJiHCTCfl b jia6opaTopHon cucTeMe otchcth, Koiya mh- 
rneHB abhvkctch HaBCTpeny ycKopeHHOMy nyiKy 3apa>KeHHBix nacTHH, T.e. mcto- 
,TO\i BCTpcniBix nyHKOB [19]. Htoobi nojiyHHTB TaKyio 3Heprmo B3an m o,tc ii ctbhh 
ycKopeHHBix iapa.TOB c MHiueHBio b JiaoopaTopnoii chctcmc oTcneTa, mhhichb 
iicooxo.ihmo .TBiiraTB b ycKopHTeJie naBCTpciy ycKopeHHBiM japa.iaM. MOKpy 
TeM KaK aHajiorHHHaa CHiyapna c ycKopiiTeneM Ha HC3 6y/iCT peanH30BaHa c 
iiokomiiichcji OTHOCHTeJIBHO ycKopiiTCJiH MHiueHBio h cooTBeTCTByiomeH opueH- 
Tamicii ycKopiiTeJia, Hero b jia6opaTopHon cucTeMe hh npn KaKHX ycJiOBiuix 
peajiH30BaTB He y/iacTca. 3KcnepiiMeHTajiBHBie uccne^oBaHiui c ycKopHTeneM 
33piDKeHHBIX 'iacTHU Ha HC3 n03B0JMT Onpe.ICHHTB rpailHUBI npUMeHUMOCTH 
peJinTHBHCTCKHX 3aKOHOB aim MaccBi h 3HeprHH ycKopeHHBix HacTim h npoBe- 
pHTB peJIUTHBHCTCKHH 3aKOH CJIOJKeHHH CKOpOCTeH B JIBHVKy IHCHCfl OTHOCHTeJIBHO 
noBepxHocTH 3eMJin cncTeMe oTcneTa. 3naHcime 3 kc1 1ep hm c i it an b 1 1 bix Hccjie.no- 
b3hhh Ha HC3 c ycKopHTeneM japavKcniiBix 'iacTim ocoocimo B03pacTaioT, ecjin 
c noMoiUBio ycTaHOBKH TaKoro Tuna npe.iCTaBnjieT cji bo3mo>khbim npoBO/iiiTB 
HayHHBie HCCJienoBaHHJi no c|jyH,naMeHTajiBHBiM (|)H3HHecKHM npo6jieMaM, bbi- 
nOJIHeHHe KOTOpBIX B H33eMHBIX yCJIOBHUX IICB03M0VKTI0. K HHCJiy T3KHX npo- 
6neM othochtch (JjyH/iaMeHTajiBHBie HCCJic/iOBani-ifl no 3jickt po.i h1 1a m hkc B3an- 
MOAeiiCTByiomHX nacTHij, no fl/iepiioii c])H3HKe, no <})y i ma mc irrajibH bi m npo6jie- 
MaM cneunajiBHOH n comcii Teopnn otiiochtcjibiiocth h /ipynic. 

B 3aKJHOHeHiie xoTenocB 6 bi otmcthtb. hto aKTyajiBHaa hcooxo/ihmoctb 
npOBepKH OCHOBHBIX (jjyH/iaMeHTajIBHBIX COOTHOnieHHH COBpeMeHHOH (j)H3HKH, 
33KOHOB OnTHKH, 3-3CKTpO/1 IIIIaMIIKH H peJIUTHBHCTCKOH MeXaHHKH B .IBH'/Ky IHCH- 
CfL OTHOCHTeJIBHO nOBepXHOCTH 3eMJIH CHCTeMe OTCHeTa C-3C,TyeT He TOJIBKO H3 
hmcioihhxch Tpy/iiiocTcii b oGnacra ohthkh n 3 ji e k Tpo .1 h ii a m h k h 0K0Ji03eMH0ro 
npocTpaHCTBa, ho ii nenocpc/iCTBCimo cnc/iycT H3 cjjopMyjinpoBKH ocnoBiioro 
nocTyjiaTa Teopnn OTHOCHTeJiBHOCTH npiiHunna OTHOCHTeJiBHOCTH [21,25], b 
CO niaCHH C KOTOpBIM 33KOHBI MeXaHHKH, OnTHKH, 3 JI C K TpO ,1H11 a MIIK H H ,ip\THC 
cjjyH/iaMeHTajiBHBie 3aKOHBi npupo/iBi aojdkhbi 6bitb npoBepeHBi, no Kpaiincii 
Mepe, b ziByx .iBiivKymuxca OTHOCHTeJIBHO .ipyr npyra cncTeMax oTcneTa. TaKH- 
mh cucTeMaMH OTCHeTa b peajiBHOM cjiynae MoryT 6 bitb noBepxHocTB 3eMJiH n 
flBHJKymHHCH OTHOCHTeJIBHO Hee HCKyCCTBeHHBIH CnyTHHK 3eMJIH. H3BeCTHO, 
hto ao iiacTOJHiicro BpeMeHH npjiMoii npoBepKH cnpaBc/iniiBocTH npiiiiiiima ot- 
HOCHTeJIBHOCTH npHMeHHTeJIBHO K peajIBHBIM flBJICHHHM B 0K0JI03eMH0M npO- 
CTpaHCTBe He npOBOAHJIOCB, XOTH O IICOOXO.THMOCTH TaKOH npOBepKH ynOMHHa- 
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jiocb b CBoe Bpcvifl A. IlyaHKape [11], C ripoBcpKoil 3aKOHOB MexaHHKH, oiithkh 
H 3JI e KTpO A H11aMHKH B ABHA'yiHHXCH OTHOCHTGJIBHO nOBepXHOCTH 3eMAH CHCTe- 
Max 0Tc i icTa Ha HC3 h KK 6yAeT, iiaKoneu, 3aBepmeHo 3KcnepiiMeHTani>Hoe 
o6ocHOBaHHe npmmHna otiiochtcjibiiocth h AOKaaaiia ero nonHaa HenpiiMeHii- 
MOCTB B peantHOM 0K0A03eMH0M npocTpaHCTBe. 


8. 06 OrpaHHHeHHOCTH MeTOAOB KJiaCCHHeCKOH H peJIHTHBHCTCKOH 
3JieKTpOAHHaMHKH B yCJIOBHHX Ha nOBepXHOCTH 3eMJlH 


B >kh3hh Bcero 'icJioBCHCCTBa h Bcero achboto Ha 3eMne hbjtciiiih sneiapo- 
MarHGTH3Ma HipanH h npo,iaa>KaioT nrpaTt HCKJHOHHTenBHO Doubmoe Biia'icniic. 
Mc>K,3y TeM Kax oco3HaHHoe h cepbe3Hoe royneHne 3aK0H0B 3JieKTpoMarHeTH3- 
Ma HenoBenecTBOM HanaAocb Bcero ahhib KaKHX-TO Tpn - HCTBipe BCKa TOMy Ha- 
3a,a. liiancm-ic HanantHBix KnacciiHecKiix npcACTaBAcmiii o 3aK0Hax sneKTpo- 
MarHGTH3Ma H O 3aK0HaX 3JlCKTp0.1HIIaMHKH B COBpGMGHHOH (})H3HKC HCKAIOHH- 
TeJiBHO BenHKO. Ociiobiibic no^ovKciiiia Teopnn 3AeiapoMarHeTH3Ma b Knac'cii'ic- 
CKOM H peiiaTHBHCTCKOM npilGAHACeHIlIl CHy5KaT HCXOpilBIM nyHKTOM npn no- 
CTpoeHHH Kax KJiaccuHecKOH, Tax h b 3iiaHHTCJiBiioH cTeneHH KBaHTOBOH Teopnn 
nous. 3aK0iiBi 3JieKTpoMarHeTH3Ma Harnnn mnpoKoe npiiMeHefflie b nayKC h Tex- 
HHKe, B npOMBinmeHHOCTH, B CeUBCKOM X035fflCTBe, B 6i>ITy. B IiaCTOHIHCC BpCMfl 
Tpy.lIlO HaHTH o6naCTH HayKH H TeXHHKH, KOTOptie, B TOH HUH HHOH CTeneHH, He 
6 bihh 6bi CBjnaiiBi c 3aK0HaMH 3JieKTpoMarHeTH3Ma. Kjiacci-i'iecKyio h peAjmiBii- 
CTCKyio Teopira 3JieKTpoMarHeTH3Ma Tpy.iiio paccMaTpuBaTb b KanecTBe Teopnil. 
BIia'ICIlHC KOTOpbIX OrpaHHHHBaeTCa TOABKO TeM, HTO OKU paiOT B03M0ACH0CTB 
onucbiBaTb 3JieKTpoMarHHTHBie fLBJiemw. Bahshihc sthx Teopnii bbixoaht amcko 
3a npeaenbi KaKon-nnGo o.iiioii o6nacTH i|»h3hkh: ododihciiiiji 3aK0H0B sneKTpo- 
MaTHeTH3Ma IipHBOAHT K IICODXO/IHMOCTH nOCTpOCIlIHI HOBOH KHHeM3THKH H K 

HeH36e>KHOMy o6o6meHHio ochobhbix iioao>Keiiiiii MexaHHKii [21,25,74-76]. B 

CBA3H C 3THM npHHHHnbl, AeACailJHe B OCHOBe yKa3aHHBIX Teopnii, B 3HaHHTeJIb- 
hoh CTeneHH noBnuanH Ha ppyri-ie oGnacra c])H3hkh. 

OAHaKO KaK K.riaCCH HCCKyiO 3JTC KTpO/1 H11 a M H Ky, TaK H 3-3 CKT po A H11 a M H Ky 
CTO TpyAHO CIHTaTB (])H3HHeCKHMH TCOpHHMH B OOBIHIIOM CMBICAC [77-79], TO 
eCTb TaKHMH TeOpiMMH, KOTOpbie HCnOIIb3yK)TC5I npn aHajIH3e H HCTOAKOBaHHH 
nacTHbix ABJieHnn. 3 th abc Teopnii H3naraioTC5i b 3HaHHTenbH0H CTeneHH ax- 
CHOMaTHHeCKH, HTO ABCT B03M0/KII0CTB AOOHTBCH OOIIBIIICH JiaKOHHHHOCTH H, 
MOAceT 6 bitb, 6 onbnieH (|)op\iaiiBiioH AornnecKOH CTporocTH. Ilpn jho6om ax- 
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CHOMaTH'ICCKOM H3JIO)KeHHH TeOpHIl B OCHOBy CTpOTHX MHTCMHTM'ICCKHX nO- 
CTpoeHiul Kna^yTca nocTynaTBi, b onpeaeneHHOM CMBicne ocTaiomHcca npon3- 
bojibhbimh. IIpH 3 tom bch HayKa, c MaTeMaTHHecKOH to'ikh ipcima. BtirnaflUT 
KaK 6 bi “3aBepmeHHOH”, xoth b OTiiomcniin OTpa’A'cima eio peanBHOH /ichctbii- 
TeJIBHOCTH B03HHK3I0T BCHKOTO pOfla napa,TOKCajIbIlbIC CHTyailHH H, C (})H3H'IC- 
CKOH TO'IKH jpeilllH. IlCOOBflCIlHMblC aOCTpaK'HHH. O/HIHM H3 TaKHX npOHiBOJIb- 
hbix nocTynaTOB, nono>KeHHbix Ha HanajiBHOM 3Tane b OCHOBy nocTpoeHiM KaK 
KJiaccHHecKOH, TaK h penaTHBHCTCKOH sueKTpo.T h 11a mh kh. HBJTHCTCH npeanono- 
/KCIIIIC. 'ITO Bee IiaG-IIKWCMblC 3JieKTpOMarHHTHbie HBJieHHM lipOHCXO/lHT b a6co- 
jiiotho nycTOM npocipaHCTBe. YnoMHHaHHe b KJiaccHnecKOH 3 ji eKTpo.T h na mhkc 
H B 3JIcKTpo.THIIaMHKC CTO O ,THTJICKTpH'ICCKHX £ 0 H MaTHHTHBIX |i 0 CBOHCTBaX 
nycToro npocTpaHCTBa, a TaioKe o “BaKyyMe” huh “cJ)H3HHecKOM BaKyyMe”, b 
KOTO pOM, HKOObl. p a C C M 3 Tp H B 310 T C H OIITH'ICCKHC H 3JieKTpOMaTHHTHbie HBJTCIIIIH 
B KJiaCCHHeCKOM H pC-IHTHBHCTCKOM IipHOJIH/KCIlHSIX. npHMCHHTeJIBHO K pcajlb- 
HOMy 0K0H03eMH0My npocTpaHCTBy hhcto ycnoBHO, TaK KaK npn (]x)p\fajibiio\f 
coomo/ieiiiiii npnHunna othochtojibhocth b KJiaccimecKOH 3acKTpo,T h 11a mhkc h 
CT pOTOM B 3JIC KTpo.T H113 M H KC CTO 33KOHBI MeXaHHKH, OIITHKH H 3JieKTpO/lHIia- 
MHKH B 3THX TeOpiWX (COOTBCTCTBCHHO (])Op\(aj1bIIO H CTpOTO) He .IJOJDKHBI 33BH- 
CeTb OT GOCTOflHHa IIOKOJI HUH /1BHVKCIIH5I CHCTeMBI OTC'ICTa B paCCM3TpHBaeM0M 
npocTpaHCTBe. AocoJiiOTiiaa >Ke chmMCT pnil cbohctb npocTpaHCTBa b OTHorne- 
HHH BbipaVKCIlIHI 33KOHOB B I lOKOHIHHXCH H B /IBM/KyiHHXCSI HHepHHajIBHO OTHO- 
CHTenbHo /ipyr .ipyra cucTeMax OTC'ICTa poiiycTHMa tojibko b aoconioTiio nyc- 
TOM HecJ)H3HHeCKOM npOCTpaHCTBe (nycTOM B MaTCMaTH'ICCKOM CMBICHe npo- 
CTpaHCTBe [78]). /]onyiucnnc cymecTBOBamis iho6i>ix k3khx obi to hh 6mho (]j n- 
3HHecKHX cbohctb y paccMaTpHBaeMoro peanbHoro npocTpaHCTBa iiCMC/rncimo 

npHBOflHT K IICOOXO/IHMOCTH ,TH (j) (]) CpC 1111H pO B 3T b COCTOHIIHC OflHOH H ,Tp\TOH 
CHCTeMbi OTC'ICTa no CTeneHH 33bhchmocth h bjihhhhh paccMaTpHBaeMBix b sthx 
CHCTeMaX OTC'ICTa flBJICHHH H 33KOHOB OT yK33aHHBIX (])H3H'ICCKHX CBOHCTB npOC- 
TpaHCTBa. HanpuMep, ecnn mbi b hcxo/uibix nono>Kciiinix /lonycKacM. hto bjihh- 
HHe H3BCCTHBIX (])H3H'ICCKHX CBOHCTB £ 0 H |T 0 peajIBHOTO 0K0JI03CMH0T0 npO- 
CTpaHCTBa huh “([iHiii'iccKoro BaKyyMa” Ha omn'iccKHC h 3jic kt po/i hii a\i h ■ ic - 
CKHe HBHCIIIIH B IIOKOHIHCHCH OTHOCHTeUBHO nOBepXHOCTH 3CMJIH CHCTCMe OT- 
ciCTa K OTpavKacTCH BnonHe onpepcneinibiMH 3aKOHaMH, BBipa5KeHHBiMH (jiyiiK- 
HH0H3JIBHBIMH 33BHCHMOCTHMH 

c —L- 

^0 _ I -> 

V £ oM'0 


D = 88 0 E, B = H T.^. 


( 8 . 1 ) 
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(r^e Co - CKopocTt cBeTa b noKonmeHcn othochtcubho noBepxHocTH 3eMHH 
CHCTeMe OTC'icTa, E - sneRTpimecKoe none b noKonmencn cucTeMe OTC'icTa, H - 
MaraiiTHoe none b noKonmencn cucTeMe OTcneTa), to npn paccMOTpeHnn sthx 
>K e nBneHHH ripupo/iBi b mo6on iipyiMoni-mcinio n paBHOMepHO nBuncymencn ot- 
HOCHTentHO noBepxHocTH 3eMnn cncTeMe OTcneTa K ototo >kc pcanimoro oko- 
no3eMHoro npocTpaHCTBa (a Taxnce b hk>6oh npyroil nBi-incyincHCH cucTeMe!) 
anpnopHoe HCKnioHcime bo3mo>khocth Bninmnn cJjaKTopa .tbita'ciihji Ha (j)HWic- 
CKne CBOHCTBa npocTpaHCTBa 

So = e 0 ( V), p' 0 = p 0 (E) (8-2) 

(rnc V - CKOpOCTB ,TBH/KCIim[ CHCTeMBI OTCICTa K' OTHOCHTenBHO CHCTeMBI OT- 
e l iCTa K 0 ; s 0 , po - 3KcnepiiMeHTanBHO H3BecTHBie CBoncTBa npocTpaHCTBa no- 
Konmencn cncTeMBi OTcneTa K 0 ; s' 0 , p'o - 4)n3nnecKHe CBOHCTBa npocTpaHCTBa b 
nnuncyincHCH cucTeMe OTcneTa K') OKa3BiBaeTcn HeB03M0>KHBiM. IloKonmancn n 
HBuncymancn cncTeMBi OTcneTa, npcncTaBnaioinne co6on nea coBepmeHHO pa3- 
nHHHBIX (})H3HHCCKHX COCTOHHHJI, a HMeHHO C0CT05IHH5I IIOKOH H /1BHVKCIII151 no 
OTHomeHHio k Hen3MeHHBiM (])H3h 1 icckhm cBOHCTBaM s 0 , po npocTpaHCTBa, onpe- 
nencniiBix tohbko b onnoii noKonmencn cncTeMe oTcncTa K 0 , b ocHOBe cBoen 
nornnecKH HCKmonaioT o/u-maKOBOCTB BBipaaceHna 3aKOHOB b noKonmencn n b 
.iBH/KyincncM cHCTeMax OTC'icTa. Ecnn >Ke aaBcnovio uraopupoBaTB cymecTBOBa- 
Hne /in3nc k Tpn'icc kh x s 0 n MamuTHBix po t])H3HHCCKHX cbohctb y peanBHoro 
npocTpaHCTBa n cnnTaTB sth CBOHCTBa e 0 n p 0 npucyinuMH He npocTpaHCTBy, b 
KOTOpOM p ae C M a Tp H B a IO TC H aBHCnilJI. a K eaMHM 3nCKTpHHCCKHM E, MarHHTHBIM 
H n sneKTpovia thhthbim EH nonavi (eo6cTBeHHO, hmchho Ha tbkhx hcxophbix 
npennocbinKax 6a3Hpyi0Tcn Kax KnaecunecKan, Tax h pen mthbiictck a m sneKTpo- 
HHHaMHKH [81]), to, (])op\(anbiro, npe/iCTaBnacTCfl bo3mo>khoctb HanucaTB coot- 
HomeHun (8.1) ana noKOHineiloi h /iBHVKymeilcfl chctcm otcictb b tovkhcctbcii- 
ho CHMMeTpHHHOM bh.tc. HanpuMep, ecnn /uni noKonmenen chctcmbi oTcneTa K 0 
ana CKopocra CBeTa Co h ana sneKTpunecKoro E h MarHHTHoro H rioncil, b co- 
rnacHH e (8.1), H3BecTHBi cooTiiomcima 

C 0 = J- — , D = se 0 E, B = pp 0 H, (8.3) 

V £ ol l o 


to ana .TBH'/KymcHCH cncTeMBi OTCHCTa K' ana CKopocra CBeTa Co h ananonunibix 
3neKTpn’i ee kh x E h MarHHTHBix H noncil mtokho 3anneaTB 



TO eCTB 


Co = Co, D' = D, B' = B. 


(8.5) 



174 


3JIEKTP0fl,HHAMHKA <£>H3HHKCKOIO BAKYYMA 


B 3tom a6cTpaKTH0M cjiynae saKoabi (8.1) ncicyccTBeHHO npHBeaeHbi k TOAac- 
CTBGHHO O.lHIiaKOBOMV BH.Ty B IlOKOHIIieaCH K 0 H B aBHAyiHCHCa K' CHCTGMaX 
OTCHCTa, T.e. HCKyCCTBGHHO npHBC^CIIBI K BITTY CTpOrOTO BtmOUHeHIM Iipillllllllia 
OTHOCHTentHOCTH 3a chct HP,no a6cTpaKTHi>ix aoaynieaaii 06 aBcomoTHOH nyc- 
TOTe npocTpaHCTBa, He HMeiomux aaaero o6mero c pcaabaoii aeHCTBHTejiBHo- 
CTBK). TaKHM o6pa30M, B HCX0.1IIBIX apCaaOCBUIKaX TaKHX TeOpilH, KaK KJiaCCH- 

aecKaa aac KTpoaa ii a m aKa h aac KTpoaa ii a m aKa CTO, coaaaaac KOToptix, boo 6- 
me-TO, HMeno uentio OTpaAcaac peantHtix onaa'iccKax h aa CKTpoaa ii a m a a c - 
ckhx HBneHHH, aaoaioaacvnax b pcaaiaioM 0K0H03eMH0M npocTpaHCTBe, 3aBc,ao- 
mo 3ajio>KeHi>i ycaoBHH. Tpe6yiomHe fLBJiemw peantHOH ac M ct b ht ca b aoc t a ot- 
hochtb k HeKoeMy a6cTparnpoBaHHOMy nycTOMy npocTpaHCTBy. Tlpn 3 tom, oa- 
HaKO, HCKyccTBcnnaa crporaa aaaacb o a a 11 a k o b o c t a 3aK0H0B onTHKH h aacK- 
TpoaHHaMHKH B HOKOHIUCHCH H B .TBHAymCHCH CHCTeMaX OTCHCTa, KOIICHIO )Ke, 
He HBaacTca acooxoaaMbiM ycaoBacvi h He npcaonpcacaacT acooxoaaMocTa 
CTpororo >Ke Bbiaoaacaaa oaaaaKOBocTa tthx 3aK0H0B b aBiTAymaxca othoch- 
Teaiaio apyr apyra cucTeMax OTCHCTa h npHMeHHMOCTH k hhm apaaaaaa otho- 
CHTeatHOCTH b cayaac paccMoapcima hx b noKoamciica h b aBHAymcaca chc- 
TeMax OTC'iCTa b peantHOM ORoaoacMaoM npocTpaHCTBe. Boaee Toro, (]x)p\taab- 
naa CTporaa aaaacb oaa aa ko b o c t a 3aK0H0B b noKoamenca h b aBiTAymcaca 
CHCTeMax OTCHCTa, T.e. ([lopMaabiibic Tpe6oBaHHa crpororo Bbiaoaacaaa npiiH- 
Huna OTHOCHTeaBHOCTH upHMcniiTcabno k pace m aTpa b a c mbim 3aK0HaM b KJiac- 
ch'icckoh h peaaTHBHCTCKOH Teopnax, iipuBoanT k noaBacimio b sthx Teopnax 
pa3Horo poaa TpyanocTcii. H3-3a HanoaceHna Ha aBaemia pcaabnoii aeftcTBH- 
TeaBHocTH a6cTpaKTHBix no cBoeMy coacpAaaaio Tpe6oBaHHH He3aBHCHM0CTii 
3 thx aBaeHHH ot cocToaHna noKoa nan aBaAcaaa Bbi6paHHon cHCTeMbi oTcicTa 
b paccMaTpHBaeMOM npocTpaHCTBe, HBacaaa pcaaiaioit ac ii c t b a t ca b a o ct a b 
3thx Teopnax npnoBpeTaioT acijiaTiTiccKaa aGcrpaKTHBiH xapaKTep, He i lo.aaaio- 
mHHca hh aomnecKOMy, hh (|)H3H l iccK0My ooocaoBaaaio. HanpiiMep, (])op\taab- 
Hoe aonymcimc oaaaaKOBocTa 3aK0H0B ohthkh h aacKTpoaa11a m a k a b noKoa- 
mcaca h b aBaAyiacaca CHCTeMax oTcneTa b KaaccaHccKoii aac kt poaa11a m a kc, 
KOTopoe aBTOMaTHnecKH cacaycT H3 npaKTHKyeMoro b 3toh Tcopaa npiiMeHeHna 
oaHnx h Tex 5Ke t]>op\iya npeo6pa30BaHHH aaa Koop.aaaaT h aoaeit kbr b noKoa- 
mcaca. Tax h b aBiTAymcaca CHCTeMax OTcneTa (T.e. b KaaccaaccKoit aacKTpo- 
anHaMHKe 3a acxoaayio cncTeMy OTcneTa b paBaoii cTeneHH aoaycKacTca Bbioop 
xax aoKoamcaca. Tax h aBHAyiacaca cuctcmbi OTcicTa), apuBoaaT k TOMy, hto 
CK opocTb cBeTa Co = const b aoKoamcaca h b aBHAymcaca cucTeMax OTcicTa 
aoaacHa obitb Bcaa'iaaoa HeH3MeHH0H, b to BpeMa KaK npeo6pa30BaHiia Koop- 
aHHaT KJiaccHnecKOH Teopnn ycTaaaBaaBaioT aim ckopocth CBeTa b aBHAymeii- 
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c a CHCTeMe OTCHCTa BiiaHcimc C = C 0 ± V, ecnH 3a i-icxo/inyio CHCTeMy OTCHCTa 
npuHJiTa i[OKOHiiiaHCH. EcnH 3a i-icxonnyio CHCTeMy OTCHCTa Bbi6paTB aBHacy- 
myiocH CHCTeMy OTCHCTa h poriycTHTb b Hen Co = const, to ana iiokohihchch 
CHCT eMti OTC'iCTa naxoni-iM C = Co ± V, hto npuMciiHTcnbiio k noKoamefica chc- 
TeMe OTCHCTa, cBynannoii c noBcpxnocTBio 3 c Man, He cooTBeTCTByioT yace Ha- 
onioacniniM. B /laimovi cnynae npHMeHeHHe KimeMaTHHecKHX npeo6pa30BaHHH 
KJiaccHnecKOH Teopnn - npeo6pa30BaHHH TanHnea, y c t a n a b n i-i b a i o m h x B3aHMO- 
CB33B (tohiicc, npcniiaanaHcimbix ana ycTaHOBneHna B3aHMOCBa3H) Meacay 3a- 
KOHaMH b noKoamciica chctcmc OTCHCTa K 0 (8.3) h (JjopManbiio npeanonarae- 
MBIMH 3aKOHaMH B nBM/KY Ilicilcfl CHCTeMe OTCHCTa K! (8.4), npHBOaHT K pciynb- 
TaTaM, KOTOpbie COOTBeTCTByiOT HenpHMeHIlMOCTH npHHHHna OTHOCHTenbHOCTH 
B KnaCCHHeCKOH TeOpHH H OHIH60HHOCTH COOTBeTCTByiOHIHX HCXOailbIX npeano- 
cbinoK o CBOHCTBax paccMaTpHBaeMoro npocTpaHCTBa. 

B ancKTpoa hii a mhkc CTO CTporo MaTCMaTHHCCKH naiincna Taicaa rpynna 
npeo6pa30BaHHa (npeo6pa30BaHHa JlopeHua), KOTopaa ocTaBnaeT saxonbi (8.3) h 
(8.4) b noKoamuxca h b aBiiacymuxca HHepHHanbHtix cucTeMax OTCHCTa b HeH3- 
MeHHOM BHae, hcm ycTaHaBnHBaeTca (])op\ianbnaa bobmovkiioctb aoriymcima b 
3toh Teopnn npeacTaBneHna 06 a 6 conioTHO nycTOM npocTpaHCTBe. OaHaKO a 6 - 
CTpaKTHaa cymnocTb arax aonymcnnii h a 6 cTpaKTHaa cymnocTb cootbctct- 
Byiomero mbtcm aT i-ih cc ko ro annapaTa npeo6pa30BaHHa b CTO HaxoaaT coot- 
BeTCTByiomee OTpavKcimc b a 6 cTpaKTHbix BbiBoaax stoh Teopnn, a hmchho, b 
rnupoKO H 3 BecTHbix h uinpoKO nonynapH 3 yc\ibix napaaoKcax CTO. IloaBneHHe 
napaaoKcanbiibix BBiBoaoB b CTO, npn Hannaim a 6 cTpaKTHbix ncxoaiibix npea- 
nocbinoK b 3toh Teopnn, BnonHe 3aKOHOMepHO h nornnecKH o 6 ocHOBaHHO. A6- 
CTpaKTHBie h napaaoKcantHBie BbiBoabi CTO He aon>Kiibi BbiibiBaTb KaKoro-nnoo 
BOCXHHieHHa CBOeH CTpaHHOCTBK) H MHHMOH ‘Tny 6 HHOH H MCPOCTy miOCTblo” 
CBoero coacpacaima b othohichuh no3HaHHa aBneHHH pcanbiioii acHCTBHTenBHO- 
cth, KaK 3 to nbiTaioTca npeacTaBHTb ctpohhhkh penaTHBH3Ma, Tax KaK sth bbi- 
Boati He HMeiOT iiHHcro o 6 mero c pcanbiioii acii ctb menb 11 oct b io. “CyMacmea- 
HiHe” BbiBoabi coBpeMeHHBix Tcopnii o 3aKOHax npupoati h cBoiicTBax npo- 
CTpaHCTBa, ycTaHaBnHBaiomHX cymecTBOBamie KaKHX-TO c[)H 3 iihcckh Hepa3yM- 
hbix 3aK0H0MepH0CTeii, ooycnoBncnbi, kohchho ace, He KaKoii-To CBcpxbccTccT- 
bchhoh rny 6 nHOH OTpaacemui nainibiMH TeopnaMH peanbHoii ac ii ct b ht cn b 11 o cth, 
a Bcero-HaBcero coBepmeHHO npoHBBonbiibivm h neooociiOBaniibiMH aonyme- 
HHaMH 06 a 6 comoTHoii nycTOTe npocTpaHCTBa, hto a h ane KTp i-ih cc ki-i c e 0 h Mar- 
HHTHtie po CBoiicTBa pcanbiioro npocTpaHCTBa npuHaaneacaT He caMOMy npo- 
CTpaHCTBy, a paceviaTpnBacvtbi m b 3tom npocTpaHCTBe ancKTp h nee kh\t h Mar- 
HHTHBIM nOnaM. 
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OCHOBHBIMH (]))'I I/Ul M CI IT aa B11BIM H KpHTCpilHMH npilMeHHMOCTH KaKHX-ailOO 
MeTOAOB B 3-TC KTpO/1 H11 a M IT KC B IiaCTOJUUCC BpCMfl OOIIICnpilIiaTO CHHTaTB B Bi¬ 
ll OJIHHMOCTB npiiHmina iichimciihcmocth 3aKOHOB b pa3JiHHHBix imepuHajibiiBix 
CHCTGMaX II HHBapiiaHTHOCTB ypaBHeHIlil, OmiCBIBaiOmilX 3TI1 3aKOHBI. O/lIiaKO 
I13BGCTHO, HTO MCTO/IBI KJiaCCIlHeCKOH 3-3 C KT pO/1 H11 a M H K IT II OI1TI1KH, HanpilMep, 
IICCMOTpiI Ha /lOBOabllO IHIipOKyiO npilMeHHMOCTB B yCHOBHUX Ha nOBepXHOCTH 
rpaBHTiipyiomero Tena 3eMJiH, He ynoBJieTBopniOT hii oaiioviy, hii apyroviy 
ynoMUHyTOMy KpiiTepmo. OrpaiiH'ieiiiiocTb mcto/iob KnacciiHecKOH aacKTpo.TH- 
HaMiiKii (xaK ii ee cnjiBHBie ctopohbi) 3ajio5KeHa b ee ocHOBe - b iipmm h h a Bac¬ 
illi ii peajiBHOH aeiiCTBiiTenBHOCTH, iiaoaKXTacvibix Ha noBepxHOCTii 3 c Man, 3a 
HCXO.IHBIC HBJieHIDI B IIOKOHIHCHCH CHCTeMe OTCHCTa II npilMeHHMOCTH K HUM 
npeo6pa30BaHiiii raanaca. H 3 npilMeHHMOCTH npeo6pa30BaHiiii TanHnea b KJiac- 
cii'iccKoii sacKTpoa h 11a\i 11 kc cac/iycT xaK uccooaio/icimc npiiHmina othocii- 
TenBHOCTii aim oiith'icckhx 11 3acKTpo,1 h na mh l icc kh x aBacimii. Tax 11 HeiiHBapn- 
aHTHocTB ypaBHeHIlil 3 acKTpoanna\fHKn (ypaBHeHHii MaKCBcaaa) oTHociiTenBHo 
ncpcxo/ia H3 iicxoanoii cucTeMBi OTCHCTa b aiooyio apyryio, ,iBii>Kyinyioca 
HHepmiajiBHO hjiii npaKTH'iccKH imcpmiaabiio OTiiociiTcaBiio nepBoii. Hanpu- 
Mep, ecnH b iicxopnoii noKoamciica ciicTeMe OTCHCTa K 0 (a Taicoii cucTeMoii ot- 
c l iCTa b KaaccH'iccKOH 3a c KTpo a h n a m 11 kc b npaKTii'iccKiix caynasx BBicTynaeT 
Bcer.ua “aaoopaTopnaa” ciicTeMa OTcneTa, ncnoaBii'/Kaiaa OTiiociiTcaBiio noBepx- 
HOCTii 3cvia 11 ) hmciotcii aacKTpH'iccKoc E 11 MarHiiTHoe H iioaa. h ckopoctb CBe- 
Ta b BaKyyvtc nocToaima Co = const 11 CHMMCTpii'iiia, to b aioooii ,iBii>Kyinciica 
HHepmiajiBHO co ckopoctbio V oTHocHTenBHo noBepxHOCTii 3eMmi CHCTeMe ot- 
cneTa K' 6yueM hmctb ( V x =V,V v = 0, V z = 0) 


F' - F 


V 


K=e y ±—h : , 

L o 

E' z =E z ±^H y 


( 8 . 6 ) 


K=H X , 

H' y =H y ±^E zi (8.7) 

H' z =H. ±^-E y ; 

C = C 0 ± V 


HJ1H B BeKTOpHOM Bbipa^CeHHH 


( 8 . 8 ) 
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E' = E± — xH , (8.9) 

H' = H+ —xE , (8.10) 

_Co 

C' = C 0 ±V. (8.11) 

H 3 cooTHomeHral (8.8), (8.11) cnc/iycT, hto mcto/ibi KJiaccuHecKoii ojtcktpo.th- 
HaMHKH H OIITHKH y5Ke B IiepBOM npH6nH>KeHHH VIC He y.lOB.TCTBOpHIOT npHH- 
unny MCHiMeiiHCMOCTH 3aKOHOB b hokohihchch h b /ib hay me tic a cucTeMax ot- 
CHCTa, T.e. He y/lOBJTCTBOpaiOT npHHHHny OTHOCHTeJIBHOCTH. 

Ecjih nonyHeHHtie nona (8.9), (8.10) h CKopocTB CBeTa (8.11) b hoboh chc- 
TeMe OTCHCTa npHHHTb 3a hcxo/ihbic, Renan 3aBC,30\io HCKJiioHaiomee (no npn- 
HHHe C / const) npe/inonoAcime, hto CBOHCTBa npocTpaHCTBa (BaKyyMa) b ho¬ 
boh CHCTeMe OTcneTa TOAnccTBcniibi CBOHCTB3M npocTpaHCTBa (BaKyyMa) “jra- 
OopaTopnoil” cncTeMBi OTcneTa, ncno/iBiiAiioti oTHOCHTeJiBHO MaccHBHoro Tena 
3eMHH, to, npHMeHaa bhobb upeoopaiOBaima KJiaccHHecKOH (J»h3hkh h nepexoaa 
ot /iBHAymetica cncTeMBi OTcneTa K' b “jraoopaTopnyio” CHCTeMy OTCicTa K 0 , 
iiail.TCM 

E" = E + — [VxH'] = E±— [VxH']+— Vx H + — [VxE] 

C 0 C 0 C 0 C 0 



= E± — [VxH]+ — [VxH]+^[Vx[VxE]] = E + -^[V(VE)-E(W)]. 

Co C 0 C 0 C 0 - 

TaK KaK BeKTopHoe npoH3Be/iciiHC [V x H] He paBHO nymo toubko rjisl KOMno- 
HeHT, iicpncn.THKynapnBix /ipyr ppyry. to CKanapnoc npoi-nBC/icime 3 thx kom- 
noHeHT (VH) paBHO Hymo, OTKy/ia naxo/iHM 



( 8 . 12 ) 


/(jia MarHHTHoro nona H" aHajiorHHHO HaipneM 



(8.13) 


JSflu ckopocth CBeTa b ncxomioti “jiaGopaTopnoil” cucTeMe OTcneTa nonyHHM 

C" = C+V = Co = const. (8.14) 

H 3 (8.12) h (8.13) bh.tiio, hto ncpcxo/i b ncpBonananBiiyio ncxomiyio CHCTeMy 
OTcneTa K , T.e. B03BpameHne b “jiaGopaTopnyio” CHCTeMy OTcneTa, CBaaaimyio c 
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3eMJieil, npHBO.iHT Hac y>Ke k hobbim bjicktphhcckhm E" h MarHHTHBiM H" no- 
ism. He tO/K.tcctbciiii BiM nepBOHanajitHO npuMTBiM. Cne^OBaTenBHO, mojkho 
C/ICIiaTB BBIBOA, HTO MCTO.TBI KJiaCCHHeCKOH 3JI C KTpO/1 H11 a M H K H He yHOBJieTBOpa- 
IOT yCJIOBHK) HHBapiiaHTHOCTH ypaBHeHHH 3 JICKTpo.lHIIaMH K H. HcCMOTpfl Ha TO, 
hto OTKnoHeHiM o611apyac h b a i ot c a tojibko bo btopom npnGjinaceHiiH VIC, sth 
OTKJioHemia iiocht npHHHimHajiBHBiH xapaKTep, Tax KaK npn MHoroKpaTHOM 
UHKJiHHecKOM nepexo/ic H3 o/inoii cucTeMBi otchcth b Jtpyryio ohh MoryT npe- 
bbichtb jno6oe nancpc/i 3a/iannoc niaHcnuc. J\nn 3aK0Ha nocToancTBa h H30Tpo- 
nnn cKopocTH cBeTa oTHocHTenBHo noBepxHocTH 3eMHH C" = Co = const mcto/ibi 
KJiaCCHHeCKOH 3JieKTpOflHHaMHKH (8.14) paiOT BepHOe niaHCHHC, TO'/K.TCCTBCimOC 
C HCXOTUIBIM. 

IlOMHMO IICCOO-BIOPCIIIW npHHHHna OTHOCHTeUBHOCTH H yCJIOBHH HHBapn- 
aHTHOCTH, B KJiaCCHHeCKOH 3JIC KTp0,1 II11 aMH KC HMeeT MeCTO eme HCJTBIH p,ipy- 
rnx npHHHunnajiBHBix Tpy.inocTeii, KOTopnie c bh/ictcjtbctbv iot co6oh yace o 
npoTHBopeHHBocTH TeopnH b ncJioM. Bo-nepBBix, npn oTBicKaHHH nojien (8.12) H 
(8.13) npHMeHeHHe npeo6pa30BaHHH nojien KJiaCCHHeCKOH b jt e kt po ,1 n n a m h k h He 
BKBHBajieHTHO npHMeHeHHK) bthx ace npeo6pa30BaHHH B (8.9) H (8.10), TaK KaK 
BJieKTpoflHHaMHHecKaa KOHCTaHTa C b cjiopMyjiax npcoopaaoBaima iioncii KJiae- 


CHHeCKOH 3 JI C KT pO /! HII3 M H K H B 11,13 


E' = E + —[VxH] 

Co 

H' = H±— [VxE] 
Co 


£(ji a nepexo.pa H3 Hcxo/inoii chctcmbi OTcneTa b (8.15) 
,iBH>Kyiiiyioc!i. 3 /jccb E, H, C 0 - nojia n cko- 

pOCTB CBeTa B HCXOJIHOH CHCTCMe 0 TCHCT 3 . 


E" = E'±— [VxH'] 
Co 

H" = H' + —fVxE' 

Co 


/Jna nepexo.ua H3 /iBHacymeiica cucTeMBi ot- 
e'lCTa b noKoamyioca. 3 /iccb E', H' - nona b 
.iBHVKyinenca encTeMe oTCHCTa, a Co - ckopoctb 
CB eTa b hcxo/ihoh rioKoameiica encTeMe otchc- 
Ta. 


(8.16) 


b ejiynae (8.16) npuMcncniia hx b .iBiivKymciica encTeMe OTcneTa K. He 
eooTBeTCTByeT yace ckopocth CBeTa C' b /iBnacymcHca encTeMe OTCHCTa, 
onpeaenaeMOH cornacHo (8.11). Ecjih b (8.16), co6jno,naa cHMMeTpHio b 
nocTpoeHHH rpyniiBi npeoGpaiOBaima (8.15), (8.16) KJiaCCHHeCKOH Teopnn. 
BMecTO Co = const rio/icTaBHTB 3HaHeHne C' = Co ± V, onpencJiacMoe H3 
cooTHomeHna (8.11) btoh ace Teopnn, to bto npuBo/uiT k eme 6ojn>meMy yc- 
JIOaCHeHHIO BBipaVKCIlHH fljia E" H H" B (8.12), (8.13). Bo-BTOptlX, H3-3a 
aCHMMeTpHH CKOpOCTH CBeTa B JIBH/Ky IIICHCa OTHOCHTeJIBHO nOBepXHOCTH 3 c\UTH 
encTeMe OTcneTa (8.11) b KJiaCCHHeCKOH 3jieKTpo/in11a m n kc CTaBHTca rio/i 
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CKOH 311C KTpO/1 H11 a M H KC CTHBMTCH 110,3 COMHGHHC B03M05KH0CTB npHMeHeHHfl 

ypaBHeHHil MaKCBenna b .ibh/Kyiiichch chctgmg OTC'iCTa. Ecnn b hcxo/iiioh “jra- 
GopaTopHon” ciicTeMe OTcncTa ypaBiicniiH MaKCBenna HMeioT bh,t 


r , 1 5H 

rotE =-, 

C 0 dt 

tXI 1 3E 4 tt. 
ro t H =-+ — l, 

/-i /-i J 


C 0 8t 


C n 


divH = 0, 


(8.17) 


divE = 4jtp, 


C 0 = const 

(33CCB E, H, j, p, C 0 - 'YnCKTpH'ICCKHC H MarilHTIlBIC 1 10371. njIOTHOCTB TOKa, 
iuioTHOCTB iapana h CKopocTB CBeTa b “^aoopaTopnoii” CHCTeMe OTcncTa, He- 
nOTIBHTKHOH OTHOCHTeUBHO IIOBepXHOCTH 3 CM.™), TO B .TBH’A'ymCHCTI 0TH0CI1- 
TenBHO noBepxHOCTH 3 cm.™ chctcmc OTC'iCTa ypaBiicniui MaKCBenna cncnoBano 
6 bi 3anncaTB b bh.tc 


rotE' = - 


1 dW 

c~dT' 


TT , 1 5E' 4n 

rot H =-+ —j', 

C’ dt C' 
divH' = 0, 


(8.18) 


divE' = 4np', 
C' * const 


(snccb E', H', j', p', C - ancKTpH'iccKHC h MarHHTHBie nonn, nnomocTB TOKa, 
nnoraocTB aapana h ckopoctb CBeTa b MBuncymcHCTi OTHocnTenBHo noBepxHocra 
3 cm.™ CHCTeMe OTcncTa). Bunny Toro, hto b nBUTKymciicTi OTHocnTenBHo no- 
BepxHocTH 3eMnn CHCTeMe OTcncia C’ = C (l ( V) -f- const, pememia ypaBHeHHil 
MaKCBenna b oomcnpHiurroM nunc 0Ka3BiBai0TCfl HeB03M0)KHBiMH, TaK KaK 
ypaBHefflia BHna (8.18) He CBonnTcn k ypaBHeHHio ,3,anaM 6 epa nnn CKanapHoro 9 
h BeKTopHoro A noTeHHHanoB 


eV 

dx' 2 


1 gy 

Cq dt 2 


= ~4np', 


(8.19) 


d 2 A' _1 d 2 A' _ 4 71 

dx' 2 Cq dt 2 C 0 


( 8 . 20 ) 
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B KOTOpBIX 3JI C KTp 0 , 1 H 11 a M H 'I C C K H il K03()x])HHHCIIT Co npC/lCTaBJIflCT C 060 H BBIHe- 
ceHHyio H3-no,i 3HaKa ,TH(jx[)epeniiHpoBaimfl nocToaimyio. B-TpcTBiix, npoTHBO- 
peHHBbra xapaKTep KnaccimecKOH Tcopim 3JieKTpoMarHeTH3Ma npoxBJixeTca eme 
B TOM, HTO npn 5IBHOM (b npn6lIH5KeHHH VIC) nCCOOJTO/lCIlIlII B 3TOH TeOpHIl 
IipilIlHIIlia OTHOCHTCJIBHOCTH, B / 1 BHVKVHICHCfl CHCTOMO OTCHCTa K' K nOJMM E', H' 

(8.9), (8.10) h k cKopocra cBeTa C' (8.11) /lonycKacTcx npiiMeHeHiie toto >Ke 
annapaTa npeo6pa30Bamisi Koop/u-maT h nonci-i, KOTopBiil npiiMeHeH b Hcxo/inoii 
HenoziBH}KHOH ciicTeMe OTC'icTa K. 3to cooTBeTCTByeT TOMy, mto 3 a ncxo/niyio 
CHCTOMy OTCHCTa b KJiaccHHecKoil Tcopnn. b npiinnimc, Kax OTMC'iaaocB Bbime, 
MO2K0T OBITB npilHXTa JTIOOaX CHCTOMa OTCHCTa, B TOM HHCJie H /IBHVKyinaflCH OT- 
HOCHTentHO noBepxHOCTH 3eMHH. O/uraKO, ecnH b .tbh/Kyhichch chctomo otchc- 
Ta nono>KHTi> Co = const (airajion-i'mo, Kax h b “jiaoopaTopnon”), to ncpcxo/i b 
“. rraoopaTopnyio” cncTcviy OTCiCTa ,TacT C'_, = Co A V, hto napa/ioKcaiiBiro h He 
cooTBeTCTByeT 3KcnepnMeHTajiBHBiM naomo/iciiHsiM. 

B TeopeTunecKOM oTiiomcnini chjibhoh CTopoHoil mcto/iob sneiapozHiHa- 
mhkh CTO nycToro npocTpaHCTBa, no cpaBHeHino c KJiacciiHecKOH TJicKTpo/in- 
HaMHKOH, HBJIflCTCX OCiVKOpiTillCimafl HHBapHaHTHOCTB ypaBIICIlHH 3JICKTpO/lM- 
HaMHKH H IICHSMCIIHCMOCTB 3aKOHOB B r]OKOHIHHXCH H /IBI-T/KVIHHXCHI HHepU,HajIB- 
hbix cucTeMax 0 Tc i icTa. HanpuMep, ecnn b hcxo/bioh noKoxmcHcx chctcmc ot- 
CHCTa K 0 HMeeM nona E, H h ckopoctb CBeTa Co = const, to npiiMeHefflieM npe- 
o6pa30Baimii JlopeHua movkiio noKa 3 aTB, hto b /iBH’/KymcHCX co ckopoctbio V 
cncTeMe OTc i icTa K' 6 y/icM hmctb 


1 

V 1 - y2 /Co 


{ E± i [v *4 

{ HT i [Vx 4 


( 8 . 21 ) 

( 8 . 22 ) 


C' = Co = const. (8.23) 

npioumie noneil (8.21), (8.22) h cooTHomeHini (8.23) 3a ncxo/iHBie .naHHBie b 
hoboh cncTeMe OTc i icTa K'. npii iicpcxo.TC b nepBOHananBHyio noKoxmyiocH chc- 
TeMy OTC'iCTa K 0 , /bict 


E" 


ft 


1 

V 1 - v 2 /cl 

1 

■Ji~V 2 /Cq 


|e'±^_[VxH'] 

{h'T^VxE'] 


= E, 

= H, 


(24) 


H 


(25) 



TjiaBa 2. 3jicKTpoMarenTHbie CBOHCTBa cpenw <j>H3mecKoro BaKyyMa 


181 


C" = C' = C 0 = const. (26) 

To ecTt, KaK sto nacraHHO 6tino noKa3aHO b rnaBe 1, nonynaeM nonn h 3aKOH 
pacnpocTpaHeHiM CBeTa b nepBOHanantHO BBiopannoit iicxonnoit chctcmbi ot- 
c l iCTa. 

OAHaKO m a t c\fa th' icc k aa cTporocTB Tcopim. nocTpoeHHon fljia onpeAeneH- 
hbix aocTparHpoBaimux ycnoBHH, eme He rapaHTupyeT OcaynpcniocTH stoh 
Teopim b onucaHHH peajiBHBix hbuchhh. CneiiHantHan Tcopmi othochtcubhocth 
nocTpoeHa Ann HAcajiH3npoBaHHoro nycToro npocTpaHCTBa, b kotopom HeT rpa- 
BHTaHHOHHBIX HO-BOH, ipaBHTHpyiOmHX TC-B H BpaiHaTC-BBIlBIX ABHVKCIIIIH. PeajIB- 

Hoe ace oKono3eMHoe npocTpaHCTBo hcmbichhmo 6e3 ipaBHTaHHOHHtix noneil, 
rpaBHTiipyiomHX Ten, BpamaTC-BBiiBix ABHVKcnnii h neHnepwranBnBix chctcm, 
OTKyAa, BnonHe 3aKOHOMepHO oncHAaTt, hto Ann peantHoro OKono3eMHoro npo- 
CTpaHCTBa CTO nBJiaeTcn 3aBeAOMO orpaimHcimoM Teopnen. HecMOTpn Ha to, 
HTO C n03HHHH o6meil TeOpHH OTHOCHTenBHOCTH (OTO) OTpaHHHeHHOCTB CTO 
npHMeHHTentHO k pcanBiioviy npocTpaHCTBy nBnneTcn, Bpopc-OBi, o6meH3BecT- 
hoh [32, 81, 82], b nHTepaType ooxo.BHTcn MonHanucM Bonpoc o KOHKpeTHtix 
rpaHimax npuMeHHMOCTH CTO b OKono3eMHOM npocTpaHCTBe rpaBHTauHOHHoro 
nona h “(])H3HHecKoro BaKyyMa” h b npaKTHHecKiix HccneAOBaminx b ycnoBiinx 
Ha noBepxHocTH 3cm.bh orpaHHHeHHocTt CTO Heo6ocHOBaHHo innopupycTcn. 

OOpaTHMCB K COOTBeTCTBHK) KnaCCHHeCKOTO H pCHMTH BHCTGKOTO IipHO.BH- 
VKeniia 3KcnepiiMeHTanBHBiM na6niOACima\i. H3MepeHne CKopocTH CBeTa b “na- 
OopaTopnon” cucTeMe OTcneTa, CBnsaimoH c noBepxHOCTtio 3cm.bh, achctbii- 
TentHO oonapyvKHBacT cymecTBOBaHHe 3aKOHa nocToancTBa h chmmctphh cko- 
pocTH CBeTa C = Cq = const bo Bcex nanpaBneimax otiiochtc-Bbiio noBepxHocTH 
nnaHeTti, hto naxo.iHTca b cornacnn c hcxoahbimh i i p g n n o c b lb k a m h KaK Knac- 
CHHeCKOH 3neKTpOAHH3MHKH, TaK H 3-BC KTpOAH11 aMH KH CTO. OnCKTpHHCCKOC 
none ot noKonmeroca b “naoopaTopnon” cucTeMe OTCiCTa sneKTpiiHecKoro 3a- 
pana q b KnaccHHecKoil 3n e KTp o a h n a m h k c h b sn c k Tpo.i hi i a m h k c CTO onpeAe- 
naeTca H3 3 k c ri e p h m e irran b ii o ycTaHOBneHHoro 3aKOHa KynoHa 

E = -^-R. (8.27) 

8 R 3 

MarHHTHoe none ot #BH)Kymerocfl OTHocHTentHo noBepxHocTH 3eMJiH oneKTpH- 
necKoro 3ap*ma b KJiaccHHecKOH ojieKTpo^HHaMHKe onpe^ejiaeTCfl 3KcnepHMeH- 
TaJlbHO yCTaHOBJieHHBIM 3aKOHOM 

H = - L [VxE] = -L^ t [VxR], (8.28) 

c 0 c 0 S R 

KOToptra npeACTaBnaeT coooil BHAOH3MeHeHHyio 3annci> 3aKOHa Eho - CaBapa 
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dW = —- l — \d\ x r] , 

Q s R 3 


(8.29) 


171c q = ad I h i = aV. CnpaBcnnHBOCTb p enara bhctcko ro cooTiiomcima jjji ra Mar- 
HHTHoro nona ot nnnAymeroca oTHocHTentHo noBepxHocTH 3 c\lth anempiiHe- 
CKoro iapsna 


„ . 1 [V x e] 

C o <Jl ~V 2 /Cl 


(8.30) 


/io Hacrojffliero BpeMeHH 3KcncpnMciiTanbno He ycTaiioBnciia. flpyrne oirm'ic- 
CKHe II 3HC KTpO.l H11 a M H H CC K H C HBnCIlHfl peaHBHOH nCHCTBHTCJIbllOCTH HBJTHIOTCfl 
B 3HaHHTeHBHOH CTeneHH npOH3BOniIbIMH OT OCHOBHOTO ([) y I l,T a M CHTajTbHO ro 
CBOHCTBa 3JTCKTpH l iccKoro 3apana co'i.TaBaTB b npocTpaHCTBe 3JTCKTpH '[ CCKOc 
none (8.27) b coctojihhh noicoa h nononHHTenBHO MarmiTHoe none (8.28) b co- 

CTOnHHH .IBHACIIHJI OTHOCHTenBHO paCCMaTpHBaeMOH HCX 0,1 noil CHCTCMbI OTCHe- 
Ta, OTIIOCHTCnBIlO KOTOpOH CKOpOCTB paCnpOCTpailCIlIHI BOBViymeillW B 3neKTpil- 

necKHX (8.27) n MamuTHBix (8.28) nonax onpenenaeTca cjjyHnaMeHTanBHon 
nOCTOflHHOH Co = const. 

PaCCMOTpeHHBie OCHOBHBie 3aKOHBI OnTHKH H 3ne KT pon H11 a M H K H 0K0n03eM- 
hoto npocTpaHCTBa peanBHO naonionacMbi TonBKO b iiciiohbhaiioh “naoopaTop- 
hoh” cncTeMe oTcneTa, Korna H3MepnTenBHBie npnoopbi Haxonarca b coctohiiiiii 
noicoa OTHOCHTenBHO noBepxHocTH MaccuBHoro rpaBHTnpyiomero Tena 3eMnn. 
CornacHO ace TpeooBa in-lit npuHnnna OTHOCHTenBHOCTH ((jiopMajibiio b Knaccii- 
necKon ancKTpon hii a m h kc n cTporo b CTO) 3 th ace 3aKOHBi, b Hen3MeHHOM bh- 
n,e, nonAHBi 6 bitb naonionacMBi Taxace cine n b ,i b ha ymc h c h . HanpiiMep, HHep- 
nnanBHO nnn npaKTnnecKn HHepunanBHO OTHOCHTenBHO noBepxHocTH 3eMnn 
cncTeMe oTcneTa. OnnaKo. iiecMOTpa Ha jibiivio ncooxoni-iMocTb npoBepKn 3aico- 
hob onTHKH h 3neKTpon h 11a m hkh . iiaonionacvfbix Ha noBepxHocTH 3eMnn, eme h 
b nBHAymcHca OTHOCHTenBHO noBepxHocTH 3eMnn cncTeMe oTcneTa, BnnoTB no 
nacTOHiHcro BpeMeHH b nBHAymcHCH OTHOCHTenBHO noBepxHocTH 3eMnn chctc- 
Me OTcncTa He nocTaBneHo hh onnoro npaMoro ornn'iccKoro nnn oncKTponHiia- 
MunecKoro 3KcnepiiMeHTa. OKcnepiiMcnTanbiio npoBepaa 33 koh nocToaHCTBa h 
CHMM eTpun ckopocth cBeTa Co = const OTHOCHTenBHO noBepxHocTH 3eMnn c 
tohhoctbk) no cm/c, cJ)H3HKa He pacnonaraeT eme tohhbimh namibiMH 06 hcthh- 
hom 3aKOHe pacnpocTpaiiciiini CBeTa b nBHAymciicH paBHOMepHo h npaMonn- 
HeHHO B.nonb noBepxHocTH 3eMnn chctcmc OTCHCTa, a nOBonBCTByerca TonBKO 
npcncKa3ainniMH Knaccu'iecKOH nnn penara bhctckoh Teopnn, orpaiiHHCimocTb 
KOTOpBIX o6meH3BeCTHa. 
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3KcnepnMeHTajiBHo y6eacnaacB b /locTonepnocTH cymecTBOBaima tohbko 
B aeKTpH'ICCKOrO IIOJTH B npOCTpaHCTBe OKOHO IlOKOHIIICrOCH B nCIIO.lBHVKHOH 
“aaDopaTopnoil” chctgmg OTcneTa sneRTpimecKoro 3apyi/ui, cj)H3HKa He pacnona- 
raeT ctohb ace /locTonepiibiMH pun in worn o cymecTBOBaHiin toubko nncKTpH'ic- 
ckoto nona b cucTeMe sneRTpimecKoro 3apana, /inHacymcrocfl othochtcubho 
nOBepXHOCTH 3eMHH, XOTH .TOCTOBCpilO H3BeCTHO, 'ITO B nenO.TBHVKIlOH CHCTeMe 
OTC'icTa okoho piBHacymcroca aneKTpHHecKoro napa/ia KpoMe ancKTpH'iecKoro 
nona perncTpupyeTca eme He paBHoe iiymo MarHHTHoe none. SKcnepiiMeH- 
T3JIBHO y6c>K,iajlCB B HOCTOBCpilOCTH CymCCTBOBailHH 3.3CKTpH 1 1CCKOTO H Mar- 
hhthoto noun b npOCTpaHCTBe okoho HBHacymeroca OTHOCHTeHBHO noBepxHOCTH 
3eMHH 3ncKTpH l iccKoro aapa/ia [82,83], (jjroraca no HacToamero BpeMeHH He pac- 
nonaracT nocTOBcpiiBiviH /laimbiMi-i, KaKHe nona OynyT perncTpupoBaTBca okoho 
noKoameroca othocht6hbho noBepxHOCTH 3eMHH sHCRTpu'iecKoro aapana, conn 
H3MepHTeHBHBie npn6opBI npHBeCTH B HBHVKCIIHC OTHOCHTeHBHO nOBepXHOCTH 
3eMHH. B cBa3H c 3 thm HCKHioHHTeHBHoe BiiaHcinic ,thji onpeneneHna peaHBHBIX 
cbohctb 0K0H03eMH0T0 npocTpaHCTBa h ana onpenenefflia 3aKOHOB onTHKH h 
3HeKTpOHHHaMHKH peaHBHOTO 0K0H03eMH0T0 npOCTpaHCTBa B HBHVKymCHCH OT¬ 
HOCHTeHBHO noBepxHOCTH 3eMHH cucTeMe otchcth npencTaBnaioT noKa ymi- 
KaHBHBie h enHHCTBeHHBie b CBoeM pone orn i-i'iccKHC 3KcnepnMciiTbi Tuna onBiTa 
CaHBaKa [22-24], nameninne b HacToamee BpeMa yace uinpoKoe npaKTimecKoe 
npHMeHeHne [18, 71]. IIonoacHTenBHBie peaynbTaTbi ohbitob Tuna CaHBaKa, npn 
HenocpencTBeHHOH hx niiTcpnpcTannn [12], nonTBcpacnaioT coooii npaBHHB- 
HOCTB BBIBOnOB KHaCCH'ICCKOH 3H C KTpOHHII a M HKH (8.11) O 3aKOHe paCnpOCTpa- 
HeHna cBeTa b aBHacymenca othocht6hbho noBepxHOCTH 3eMHH cucTeMe otcic- 
Ta h HeBepHocTB npennocbinoK CTO (8.23). 

EcHH HCXOHHTb H3 npCnriOHO’/KCIlHH. 'ITO nOHO/KHTCHbllblC pe3yHBTaTBI OnBI- 
tob Tuna CaHBaKa o6ycHOBHeHBi cymecTBOBaHneM ircKoii npcHMymecTBcimoH 
CHCTeMBi OTC'iCTa ana CBeTa [12], KOTopaa ocTaeTca iienonBHHcnoH othochtchb- 
ho noBepxHOCTH 3eMHH (T.e. noHHocTBio yBHeKaeTca cyronHBiM BpameimcM 
3eMHH) B HOK3HBHOH OOJiaCTH 0K0H03eMH0T0 npOCTpaHCTBa, TO XapaKTep HBHVKC- 
Hua npn6opa OTHOCHTeHBHO noBepxHOCTH 3eMHH b onBiTe - npaMonHiieiinoc 
(HHepunaHBHoe) hhh BpamaTcnbiioc (iieimepuHajibiioc), He HMeeT yace onpenc- 
naiomero iiia'ieniiH. TaK KaK b hio6om cnyiae pe3yHBTaTBi onBiTa CaHBaKa oynyT 
noHoacHTeHBHBiMH. Echh ace nonoacHTenBHBie pe3yHBTaTBi onBiTa CaHBaKa h 
aHaHornHHBix eMy onBiTOB o6ycHOBHeHBi HeKHM scjjcjjeKTOM “BpanjeHna” npn6o- 
pa, T.e. cymecTBOBaHneM hhoto 3aKOHa pacnpocTpaHeHHa CBeTa C = C 0 ± V no 
Bpamaiomuxca cucTeMax [16], to stot 3(])<])eKT nonaccii npoaBHTBca TaKace h bo 
BpanjaiomeHca cucTeMe OTC'iCTa, cBa3aHHOH c 3c much b uchom. B nocncnncM 
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cnynae CKopocTt cBeTa Ha noBepxHocTH 3eMHH, T.e. b “na6opaTopHOH” chctcmc 
OTC'iCTa, no iianpaBJicimio cyTO'inoro Bpaincimsi 3cmjih h npoTHB aonacHa obitb 
acHMMeTpuHHon h paBHoil C 0 ± 400 m/c, 'ito ripoTHBopciHT hcxo.tiibim npc/ino- 
CBIJIKaM KaK KJiaCCHHeCKOH 3JI C KTpO/1 H11 a M H K H. TaK H OJieKTpOflHHaMHKH CTO o 
3aKOHe nocTOHiicTBa Co = const n CHMMCTpim CKopocTH CBeTa b “jia6opaTopnon” 
cncTeMe OTcicTa. 

O.TiiaKO ko BpeMemi nocTaHOBKH onbiTa CannaKa tohhogtb ripsiviBix H3Me- 
peHIIH CHMMeTpHH CKOpOCTH CBeTa OTHOCHTeUBHO nOBepXHOCTH 3CMJIH B OITBITaX 
Tuna MaHKC-Tbcona [45, 46] He 6 biJia /lOCTaTO'mon, 'itoobi mojkho obuio obi o/i- 
H03HaHH0 OTBeTHTB Ha BOnpOC, yBJICKaCTCSI JIH CHCTeMa OTC'iCTa /Ulfl CBeTa cy- 
tohhbim BpameHHeM 3 cmjih huh OTCTaeT [12]. Kocncimaa ace npoBepKa 3aKOHa 
pacnpocTpaHemia CBeTa bo Bpainaioincnca BMecTe c 3cmjich chctcmc otcictb b 
ontiTe MaiTKC.TBCoiia - Tena [33] noKasa.Ta, KaK oy/iTO, c n p a b c ,i jim b o c t b npc.T- 
nonoaceHiia o bo3mo>khocth cymccTBOBaimsi 3(|x|)CKTa “Bpaincimsi'’ [12]. tlpc/i- 
nono5KeHHC 06 OTCTaBaHHH chctcmbi otcictb Rim CBeTa ot eyTOHHoro Bpaincimsi 
3 cmjih iiaxo/mTca b xoponieM corjiacnn c TpcoonaimsiMH OTO, coraacHO koto- 
pBIX CKOpOCTB CBeTa B JIK) 6 oH BpailiaiOinCHCSI C yrjIOBOH CKOpOCTBIO Q CHCTCMC 
OTC'iCTa .TO.TATia OITpC.TC.TSITBC?I COOTHOHieHHeM Bl-ipa [25, 18, 71] 

C=Co±Oi?, (8.31) 

r/ic C - CKopocTt CBeTa b paccMaTpHBaeMOH tohkc Bpamaiomciicsi chctcmbi, O - 
yraoBaa ckopoctb Bpaincimsi chctcmbi, R - paccToaHiie to'ikh naOJiio.Tcimsi ot 
och Bpaincimsi. Co - 3 jic KTp o .T hii a m h nee k a si KOHCTaHTa. noJioacHTenBHBie pe- 
3ynBTaTBi onTHiccKHX onBiTOB Tuna CaiiBsiKa h MaHKenBCOHa - Tena, Bpo.pc 6 bi, 
HaxoxaTca b xoponieM cornacnn c coothohichhcm (8.31). HanpuMep, KaK nep- 
Bona'ianBiiaa [84, 85], TaK h coBpcMcmiasi iniTcpnpcTaimsi onBiTa MaHKenBCOHa 
- Tena [16, 18] ocHOBBiBaeTca Ha npc.TnoJiO/Kciiim nonHoro OTCTaBaHHa chctc- 
mbi otcictb Tina CBeTa ot cyTO'inoro Bpaincimsi 3 cmhh h acuMMeTpun ckopocth 
CB eTa OTHOCHTeUBHO noBepxHocTH nnaHeTBi. IIomhmo toto, hto bbibo.t o 6 
acHMMeTpiiH ckopocth CBeTa OTHOCHTeUBHO noBepxHocTH BpanjaiomeHca 3 cmhh 
b nepBOM npH6nH>KeHHH VIC naxo.Ti-iTcsi b npaMOM npoTHBopcnm c hcxo.tiibimh 
n pC,T n OC BI.T Ka M IT KaK KJiaCCHHeCKOH 3JIC KTpO.T I-I 11 a M H K H. TaK H 3.TC KTpO.T H11 a M IT K H 

CTO. OTCTaBaHne chctcmbi otcictb ana CBeTa ot cyTO'inoro Bpaincimsi 3cmhh, 
b cbok) o'icpc.TB. oTBepraeTca OTpHU,aTeJiBHBiMH pe3yjiBTaTaMH npoBC/iciniBix b 
noc.TC.Tiicc BpeMa TO'iiiciinmx sKcnepiiMeHTOB - aHanoroB onbiTa MaHKenBCOHa 
no npaMoil npoBepKe 3aKOHa ciiMMeTpiin ckopocth CBeTa othochtcubho no- 
BepxHOCTH BpanjaioineHca 3cmhh [26-30]. Pe3ynBTaTBi sthx 3KcnepnMciiTOB c 
iianoo-TBincn to'iiioctbio po c/minni cm/c cooTBeTCTByioT He3aBHCHM0CTH 3aKOHa 
nocToaHCTBa ckopocth CBeTa Co = const Ha noBepxHocTH 3cmhh ot cyTomioro 



TjiaBa 2. 3jicKTpoMarenTHbie CBOHCTBa cpeflM <j>H3mecKoro BaKyyMa 


185 


BpameHHH nnaHeTBi. TaKHM o6pa30M, earn iiinepnpeTaniifl ontiTa Tuna CaHBUKa 
3(J)cJ)eKTOM “BpamcniiM'’ oTHocHTentHo 3eMJin oKaabiBacTca eme bo3moahoh, to 
nocne nocTaHOBKH npaMBix oubitob [26-30], npiiMemiTenBHO ko Been Bpamaio- 
menca 3eMJie b penoM, om hhcckhh 3(})c|)ckt “Bpamcniifl” oKaiBiBacTCH y>Ke He- 
npneMneMBiM. Ecnn npe.TnoJiOAHTB, hto cucTeMa OTcneTa rjisl CBeTa nonHOCTBK) 
VBacKacTcst cyTOHHBiM BpamcimcM 3cmjih, to ncTpyrnio noKa3aTB, hto pe3ynB- 
TaTBi onBiTa ManKenBCOHa - Tena TaioKe oy/iyT hojioahtcjibhbimh. Ilpn nocTO- 
MHCTBO CKOpOCTH CBeTa Ha pa3HBIX HIHpOTaX OTHOCHTCJIBHO nOBepXHOCTH 
3eMnn, HajiHHne othochtcjibhoh CKopocra abhachha MCA/iy mnpoTaMH 
AV= D-(R\ - R 2 ) rip hbc/ict k iicooxo/ihmocth yncTa aocppanHoiniBix 3 (]k])cktob 
npn nepexo/ic H3 o/nioii chctcmbi OTcnera b /ipyryro h oopaTiio, hto, b ooiiicm, 
Kax noKa3BiBaioT pacneTBi, TaioKe iipuBcpcT k i i e o/i i i o b p e m c i hi o m y npuxo/iy 
XIByx nynen CBeTa b ricxo/inyio TOHKy. 

TaKHM o6pa30M, KaK npn npe/inoiroAcimii nonHoro OTCTaBaHim chctcmbi 
OTcneTa jinn CBeTa ot cyTOHHoro Bpamcrma 3cmhh, Tax h npn npe/inoJioAeiiini 
nonHoro yBnc'ieimH. oTHOCHTenBHaa ckopoctb A V MOK/iy mnpoTaMH h cB?na ii- 
ii bimh c hhmh cucTeMaMH OTcneTa b jik)6om cnyHae ocTacTca 6e3 HiMcireiiiisr. A 
3to 03iia l racT, hto b JH060M cnyHae iicooxo.thmo yHHTBiBaTB o/imraKOBBic a6ep- 
paHHOHHBie 3(JxJ)eKTBi npn nepexo/ic H3 o/inoii chctcmbi OTcneTa b /ipyryro h 
IICOOXO/IHMO OAH/iaTB O/lHIiaKOBBIX pe3yHBTaTOB onBiTa. H3 paCCMOTpeHIM on- 
THHecKiix aocppaiiHoiiiiBix 3cj)(j)eKTOB bo BpaiHaioiHcrica CHCTeMe OTCHCTa, no 
npripopc CBoeii oOycnoBneHHBix 3aKOHOM coxpaiiennsr iianpaBJicrinsr h bcjihhhhbi 
nepeHOCHMoro cbctom b npocTpaHCTBe KonnnecTBa /ibhaciihji (aHanorHHHO 3a- 
KOHy coxpancriH!-! iianpaBJicrinsr h bcjihhhhbi KonnnecTBa /ibha'ciiha nepeHocn- 
moto TenoM b MexaHHKe), CJie/iycT, hto 3aKOHBi pacnpocTpaiieiniJi CBeTa bo Bpa- 
maioiHCHCH cucTeMe OTcneTa npe/icTaBJuiroT co6oh ohthhcckhh aHanor H3BecT- 
hoto 3aKOHa /ibha'ciiust MaHTiniKa Ovko bo BpamaroiHCHCH CHCTeMe OTcneTa, h 
nono5KHTenBHBie pe3ynBTaTBi onBiTOB, OTpajKaiomHX /lainiBic 3aKOHOMepHOCTH, 
He onpeaenaioTca BBioopovi iicxo/nioii chctcmbi otcictb. B pe3ynBTaTe mojkho 
6 bijio 6bi y>Ke c/iCJiaTB bib boh, hto coBMCCTiiafl HiiTcpnpcTaiiHH pa3JiHHHBix on- 
THHeCKHX 3KCnepHMeHTOB, npOBC/ICIIHBIX B yCJIOBHJIX Ha nOBepXHOCTH Bpamaio- 
ihchch 3eMHH, BOTMOAiia tojibko npn o/hiom npe/inoJioAcniiH, hto cncTeMa ot- 
c l rcTa, cBjnarmaH c noBepxHOCTBio MacciiBHoro ipaBUTiipyiomero Tena 3cmhh, 
HBJiaeTca npcHMymccTBCiiiioii chctcmoh OTcneTa aim oiithhcckhx h 3JTCKTpo/iH- 
HaMHHecKiix nBjieHHH. O/iriaKo, KaK oTMenanocB BBirne, KaK b KJiaccuHecKOH 
3JieKTpOflHHaMHKe, TaK H B 3 Jr CKTpO ,T H11 a MIIK C CTO HITIOpiipyCTCH BO 3 MOAT I OCT I) 
cymecTBOBaHiM TaKOH bbi/icjiciiiioh chctcmbi OTcneTa ana 3Jie kt po m a n i h t i i bi x 
HBJTCHHH II /lOnyCKaCTCH COOTBeTCTBeHHO (])OpMaTBIiajl B KJiaCCHHeCKOH 3JieKTpO- 
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^HHaMHKe h CTporaa b 3 h e kt p o .1 h i i a mhkc CTO npiiMeiiiiMOCTB k 3JTCKTpo\iar- 
HHTHBIM HBJICHH5IM Iipillllllllia OTHOCHTeJIBHOCTH. 

CymccTBcimaH orpaiiH'ieimocTB mcto/iob KJiacciiHecKOH h pcjmthbhctckoh 
3JieKTpOflHHaMHKH 0011 apy VK II B 3CT CH H IipH HIlTCpnpCTailH II 3-30 KT pO/I H11 a M H' IC - 
CKHX HBHeHHH peajIBHOH JICMCTBIITCJIBIIOCTIJ B MOKOfllUHXCfl H ,IBIJ VKY IIIMXCfl OT- 

hochtcjibho noBepxHocTH 3eMnn cucTcviax OTC'iCTa [4, 5]. IIpiiHminiiajTBHBie 

Tpy^HOCTH B KJiaCCHHCCKOH 3J1C KTpO/I H11 a M H KC H B 3-3 CKT pO,T H11 a M II K C CTO HMe- 
iot MecTo npii unTcpnpcTaiiHH sue KTpo.i h 11a mhhockh x HBneHHH bo Bpaiiiaioimix- 
cfi noKajitHO othochtcjibho noBepxHocTH 3eMHH CHCTCMax OTC'iCTa h bo Bpa- 
maiomcHCH chctomo OTCHera, CBjnainioii c 3cMJicii b ucjiom [3]. AHanH3 hmoio- 
IIIHXCH Tpy.inOCTCH B KJiaCCHHeCKOH 3-3 C K Tp 0,1 H II a M II K C H B 3-3C KTpO/I H11 a M II K C 
CTO noKa3tiBaeT [3-5], hto orpaiiH'ieiiiiocTB /lamiBix Tcopnii b npHOJinvKcnnn 
VIC ooycJioBJicna, b ochobhom, orpann'icnnocTBio hx iipnMcncnnsi b jiioGbix 
npon3Boni>Ho .iBHVKymuxcH (b tom HHcne Bpamaioinnxcn) othochtcjibho no- 

BepXHOCTH 3CM.3H CHCTOMaX OTC'iCTa, MC/K,iy TeM KaK B OnHCaHHH HBJICHHM pe- 
aJIBHOH HeHCTBHTeJIBHOCTH B IIOKOHIHCHCH Ha nOBepXHOCTH 3cM.3H CHCTeMe OT¬ 
C'iCTa orpaim'ieimocTB 3thx Tcopnii b npn6nH>KeHHn VIC He o6 n a py >k h b a c tch . 
IIpHHHHy 3T0T0 IICOOXO/IHMO yCMaTpHBaTB B HCKyCCTBeHHOM BBC/ICI IIIII HBJTCHHH 
peajIBHOH aeHCTBHTeUBHOCTH, B TOM BHJIC, KaK OHH 1130-310/pHOTOI B IIOKOHIHCHCJI 
Ha noBepxHocTH 3cmjih CHCTeMe OTC'iCTa, b KanecTBe hcxo/hibix hbjichhh b no- 
KonmeHCH CHCTeMe OTC'iCTa paccMaTpiiBacMBix Tcopnii. Kor^a >Ke k hbjichhsm 
peajIBHOH HeHCTBHTeJIBHOCTH B IIOKOHHICHC5I Ha nOBepXHOCTH 3eMHH CHCTeMe 
OTC'iCTa lipHMCIISIIOTCSI a6cTpaKTHBie no CBOeMy CO.TepVKanHIO KHIICMaTH'ICCKHC 
npcoopaaoBaima KJiacciiHecKOH h pcjiuthbhctckoh 3 ji eKTpo.1 i-ma mhkh, to npcji- 
CKa3BiBaeMBie tbkhm o6pa30M hbjtci run “peajIBHOH /ichctbhtcjibiiocth” b jibii- 
vKyiiiciica othochtcjibho noBepxHocTH 3cmjih chctcmc OTC'iCTa npno6peTaioT 
TaKOH BH,T, HTO IipiIBO.lHT K JIOTHHCCKOMy 3aKJIK)HeHHK) CYIlICCTBOBailHJI JIh6o 
aCHMMeTpHIl CBOHCTB nOJIOJKHTCJIBHOTO H OTpHIiaTCJIBHOTO 3JieKTpHHeCK0T0 3a- 
pujia, KaK 6bijio yace otmchciio BBirne, jih6o cymecTBOBaHiui acHMMeTpun MOK.iy 
nOKOHHIHMHCH II .TBHVKyiHHMHCH OTHOCHTCJIBHO nOBepXHOCTH 3eMJIH CHCTCMaMH 
OTcneTa [4, 5]. Ilpn paccMOTpeHiin ace 3 ji cKTpo.in11a mh' iec khx lajia'i c Bpamaio- 
HIHMHC5I 3 3 p H >K CIIIIBIMII CHCTCMaMH [3] O 611 a p V VKIIBaiOTCH CymeCTBeHHBie pa3JIH- 
HH5I MCVK/iy HBJICIIHIIMH B CHCTCMaX OTCHCTa, BpailUUOIHHXC II JIOKaJIBHO OTHOCH- 
TeJiBHO noBepxHocTH 3eMJin, h bo BpaiiiaioiiiciicH chctcmc OTC'iCTa, CBHiainioii c 
3eMJieH b iienoM. Ilo cymecTBy CBoeMy ith pai-Bii'iiui cbo/hitch. oiijitb >k'c, k 

OTJIHHHIO 3aK0H0B 3.3 C KTpO.l H11 a MIIKII B IIOKO JIIHHXCII Ha nOBepXHOCTH 3eMJIH 
CHCTCMaX OTCHCTa OT 3aK0H0B 3-3CKT po.l II11 a MIIKII B JIK)6 oH npOH3BOJIBHO ,3 BII - 
JKymencfl othochtcjibho noBepxHocTH 3cmjih chctcmc OTCiCTa. Pa3JiHHHoe npo- 
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ABnemie 3aKOHOB 3 n c k Tp o .1 n 11a mh k h b hokohiiihxch h npamaiomuxcH cucTeMax 
OTC'iCTa, b iipiiiiHimc. He MO)KeT 6 bitb ycTpaHeHO h mcto/wmii OTO, Tax KaK 
npiiMCiiciinc mcto/iob OTO k npocTpaHCTBy, rpe E = 0 ii II = 0 (BHe noKonmero- 
en lapflVKCimoro aficpn'iccKoro Koii/iciicaTopa), He ripHBO.im k iiohbjiciihio 
r 3-BeKTp h’ icc k oro h MarHHTHoro nonn b jnoooii BpamaiomcHca b stom npocTpaH- 
CTBe cucTeMe oTcneTa (ycnoBiie npeo6pa30BaHHJi sneKTpimecKHx h MammiiBix 
nonen), MOK/iy TeM KaK b cnynae paccMOTpeHiui BpamaiomcrocH aapjivKcnnoro 
ctJiepuHecKoro Koii.iciicaiopa MarmiTHoe none BHe Koii/iciicaiopa H^O ocTaeT- 
c a Kax b noKOflmcHCfl. TaK h b nioooii Bpamaioinciici b stom npocTpaHCTBe chc- 
TeMe OTC'iCTa. 

TaKHM o6pa30M, IICCMOTpfl Ha IHHpOKyiO npHMeHHMOCTB MCTO/IOB KJiaCCH- 
HeCKOH H peJMTHBHCTCKOH 3 J1C KTp O H HIIaMH K H B yCJIOBHJIX IICIIO.TBHVKTIOH Ha nO- 
BepxHOCTH 3eMHH chctcmbi otchctb b pemeHHH Miioro'iHcnciiiiBix npaKTH'iccKnx 
npo6neM, Kpyr peniaeMtix sthmh TeopiMMii 3apan iicooxo/ihmo ciman, Bee >Ke 
orpaHHHeHHtiM. Bontuine ycnexn HayKH h tcxhhkh b ocBoeHHH OKono3eMHoro h 
K ocMnnecKoro npocTpaHCTBa h oojibiiihc ycnexn b coi/iamin coBepmeHHBix 
CBepXCKOpOCTHBIX TpaHCnOpTHBIX Cpe/ICTB CT3BJIT Ha nOBeCTKy .31IH IICOOXO/III- 
moctb penicillin papa npnHunnnajiBHO hobbix om h'icckhx h 3 n c k Tpo m hi i a m h h c - 
ckhx 3a^an b raoBajitHOM MacniTa6e npiiMeHHTenBHO k 3eMne b penoM, ppyniM 
He6ecHi>iM rpaBHTupyiomHM TenaM, pBHacyipHMca oTHocirrenBHo 3eMira o6i.eK- 
TaM h k KOCMHHecKOMy npocTpaHCTBy. rionBiTKH penicillin 3 thx 3apan MCTO/iaMii 
KJiaCCHHeCKOH H pennTHBHCTCKOH 3J1C K Tp O/IH11 a M HKH OKaiBIBaiOTCn y>Ke 6e3yc- 
neniHBiMH, TaK KaK sth mcto.ibi He yniTBiBaioT c})hth'icckhx cbohctb pca.iBiioro 
npocTpaHCTBa b6hh3h MacciiBHBix rpaBHTiipyioipHX He6ecHi>ix Ten, o6ycnoBneH- 
hbix cymecTBOBaHiieM b npocTpaHCTBe rpaBUTaiinoiiiiBix noncil h HeKoero “c|)H- 
3HHecKoro BaKyyMa” c onpc.icnciiiiBiMH (|)H3 H'icckhmh napaMeTpaMH s 0 h p 0 [56, 
86]. ripiiiiiiiiimanbiiBic Tpy.iiiocTH B03HHKai0T npn pemeHHH npocTciiiiinx 3 /ick- 
TponHHaMHHecKiix h outh'icckhx 3apan npn paccMOTpeHiin nB/ieiiiiii b noKon- 
niiixcn h Bpainaionuixcn noKanBHO OTiiociiTcnBiio noBepxHOCTH 3c\inn cucTeMax 
OTC'iCTa. npHHHHnnanbHBie Tpy.inocTH B03HHKai0T TaioKe n npn onpc.icnciiiiii 
c])H3HHecKH oDociionainiBix pa3MepoB noKanBHO n rno6anBHO npainaioinuxcn 
CHCTeM b peanBHOM npocTpaHCTBe, TaK KaK npn .loCTaTO'ino GonBiunx pa3Mepax 
Bpainaionuixcn CHCTeM r > Q/Q [5] ckopoctb nepeMciueimn mo6oii tohkh Bpa- 
iuaioiucHcn chctcmbi b npocTpaHCTBe npeBBimaeT ckopoctb cBeTa, ucro HeB03- 
M05KH0 .lOIiyCTHTB KaK C n03HPHH Kuaccii'iccKoii 3.1 C K Tp 0,1H11 a M H K H, TaK H c no- 
3HHHH 3.1 C KTp0 ,11111 aMH KH CTO. IIonBITKH 11 CnpOT H BOpC 'IH BOTO COBMeCTHOTO 
paccMOTpeimn iiMcioimixcn Ha ccro.iiiiiinmii .iciib 3 k c i i e p h m e i i t an b i i b i x ijiaKTOB 
b o6nacTH onTHKH h 3ncKTpo,i h 11a mhkh oKono3eMHoro npocTpaHCTBa iipiiBO/WT 
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k HeodxoniiMOCTH 3aKJiK)HHTi>, hto neonnoponnoc npocTpaHCTBO rpaBHTannon- 
Horo nona h “(jinwiccKoro BaKyyMa” b6hh3h noBepxHocra MaccHBHoro rpaBH- 
Tiipyiomero Tena 3cMnn no cbohm cbohctb3m cymccTBcimo othhhho xax ot 
nycToro npocTpaHCTBa KJiaccnnecKOH 3ncKTpo/in i i a \i n kh. Tax n ot adcTparnpo- 
BaHHoro nycToro n euMMCTpu'inoro npocTpaHCTBa CTO. BbiaBnatomHeca cboh- 
CTBa peantHoro OKono3eMHoro npocTpaHCTBa rpaBH Tan hoi more nona h “(J)H3h- 
hcckoto BaKyyMa” TaKOBti, hto oho npoaBnaeT 3aMOTHO BtipanceHHbie (b npii- 
6nH)KeHHH VIC) ac M XT XT CTp H T11 I>IC CBOHCTBa B OTHOmeHHH BBipaVK'dlllM 3aKOHOB 
OnTHKH H T.riCKTpO.T H11 a M H K H B IIOKOflIHCHC>I Ha nOBOpXHOCTH MaCCHBHOTO ipaBH- 
Tupyiomero Tena 3eMHH cncTeMe otchctb h b hio6oh npoii3Boni>Ho /tBHncymefica 
OTHOCHTeJIBHO Hee. OCHOBHBie 3aKOHBI OnTHKH 

C 0 = — ■j= == = const, (8.32) 

V e oTo 

3JieKTpOCTaTHKH H MaTHHTOCTaTHKH 

471 

rotE = 0, rotH = —- j, divD = 4np, 

C 0 (8.33) 

divB=0, D = ee 0 E, B = pp 0 H 

H 3JieKTpO,H,HHaMHKH 

rotE = ———, divB = 0, 

C 0 dt 

rotH=—!— — + — j, divD = 4np, (8.34) 

Q> St C 0 

D = ££ 0 E, B = |i|i 0 H 

HMeiOT onpepcncniiBiH c])H3hhcckhh cmbicji tojtbko npn paccMOTpeHnn hx b hc- 
xophoh ncrio.TBH’/KnoH cncTeMe OTcneTa, CBmaimoii c noBepxHOCTtio MacciiBHO- 
ro Tena 3c\inH, rnc ohh, b ncit ctbi-it cn b no cti-i. h naxonaT cede npHMeHeHHe. IIpH 
paccMOTpeHHH nee KaKHX-nndo onniTiecKiix unn ancKTpo.Tn ii a mh nee khx ?mnciinii 
b HBHVKymcHCH oTHocHTenBHo noBepxHocTH 3c\inH cncTeMe OTcneTa Bee pacne- 
TBI II COOX on H MO npOBO.THTB TOnbKO OTHOCHTenBHO IICnOHBHVKIlOH CHCTeMBI OT- 
cneTa, CBinannoii c 3 c vine it b ncnovi. oniiocHTcninio KOTopon HMeiOT pcamniBiii 
CMbien nn3neKTpHHecKHe £o h MarHHTHtie po CBOHCTBa OKono3eMHoro npocTpaH¬ 
CTBa. Pe3ynbTaTbi pacneTOB b iic non bhvk noil cncTeMe OTcneTa nepeHOcaica, c 
noMoutbio KHHeMaTHHecKOH rpynnbi npcoopaiOBaunn rannnen. b nniivKymyiocn 
cucTeMy OTcneTa. HanpuMep, ccnn b noKoamenca cncTeMe OTcneTa K 0 , CBn ian- 
hoh c noBepxHOCTBio 3eMnH, HMeeM sncKTpn'iccKoc E h \iarnm noc H nona h 
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CKopocTt CBeTa C = Co = const, to /uni aneKTpiiHecKoro E' n MarHHTHoro //' no- 
neil n /uni cKopocTH CBeTa C' b /iBM/Kyineiicfl cncTeivie oTcneTa K' ov/icm hmctb 


F' - F 


E’ = E+—H z , 
y y r z ’ 

(8.35) 

E', =E 7 +—H ■ 


C 0 


H' X =H X , 


H' y =H y , 

(8.36) 

H' Z =H Z i 


C’ = Co ± V. 

(8.37) 


IlpHHHMaa nona (8.35), (8.36) h CKopocTt CBeTa (8.37) b /ib hay me tics cncTeivie 
OTC'iCTa K' 3a hcxo/uibic /lannuic, aim nepexo/ia ot /iBHAymeiics chctcmbi ot- 
ciCTa K' k noKoamenca CHCTeMe OTCHCTa K 0 nonymiM 

F" — F' — F 

C X ' V' 

E';,=E' V +-^H Z =E V , (8.38) 

E" z =E' z ±^H y =E z -, 

H" X =H' X =H X , 

h; = H’ y = H y , (8.39) 

H" Z =H' Z =H Z - 

C" = C' +V= Co = const. (8.40) 

CpaBHHBaa (8.9) - (8.16) h (8.21) - (8.26) c (8.35) - (8.40), moaho 3aMeTHTB 
cymecTBeHHoe otjthhhc Meacny /laniiBiMH rpynnaMH nepexo/ia, KOTopoe cbo/iht- 
ca k TOMy, hto b (8.36) h (8.39) MarHHTHBie nona npn iiepexo/ie ot noKoamenca 
chctcmbi oTC'icTa b /ibh Aymyiocs H o6paTHo He npeoopaay iotcs. 3to COOTBeT- 
CTByeT TOMy, hto MarHHTHBie no/ni no iipupo/ic cBoeil He oTHocHTenBHBi, h hto 
oOBCKTHBiiasi peajiBHOCTB cymecTBOBanini MarHHTHoro nona He MoaceT h He 
/joiDKHa 3aBHceTB ot tohkh jpenimi KaKoro-TO iiaonro/iaTcns-cyoncKTa, B KaKyiO 
6 bi cucTeMy OTcneTa otiiochtchbiio MarHHTHoro nona II oh He noMemanca (/io- 
nymeHne 3aBHCHMOCTH cymecTBOBaHHa MarHHTHoro nona ot tohkh 3peHiia Ha- 
omo/iaTcus - cy6BeKTa orpaacaeT cy6BeKTHBHyio cymnocTB coBpeMeHHBix Teo- 
pm'i). 3 to eooTBeTCTByeT TaioKe TOMy, hto MarHHTHoe none b peanBHOM 
OKono3eMHOM npocTpaHCTBe noaBnaeTca He KaK pe3ynBTaT HanHHiia 
OTHOCHTenBHOH CKOpOCTH /IBMACIlini MC A/iy TnCKTpiUICCKHM 3apS/10M lj HnH 
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CKopocTii nBiiaceHiia Meatfly 3JieKTpnHecKHM 3apaflOM q hjih 3JieKTpnHecKHM no- 
neM E h KaKHM-To Ha6moaaTeneM-cy6i.eKTOM (hjih npn6opoM) coraacHo coot- 

HOIUeHHJIM 

1 aV 

H = — 1 y sincp, (8.41) 

C 0 r 1 

V 

H = —xE, (8.42) 

Q 

(rfle V— CKopocTt sapa/ia q, sjicKTpiHiccKoro nojia E othochtcjibho Ha6jiioflaTe- 
jia), a b pe3yni>TaTe HajniHiia peantHOH othochtgjibhoh CKopocra Vg jiBHVKCima 
Meatfly 3JieKTpHHeCKHM 3apaflOM q HUH 3JTCKTpII 'ICCKIIM nOJieM E H nOBepXHO- 
ctbk) MaccuBHoro rpaBHTHpyiomero Tena 3 cmjih coraacHo cooTnomeimaM 

H = -^^sincp, (8.43) 

C 0 r 


V 

H = —xE, 

C„ 


(8.44) 


rfle Vq - CKopocTt .iBHVK'cniia lapa/ia q, 3JieKTpiiHecKoro nojia E othochtgjibho 
noBepxHOCTH rpaBHTHpyiomero Tena 3eMJiH. CooTiiomcniia (8.35), (8.36) h 
(8.38), (9.39) ynoBJieTBopHTejiBHo pa3pemaioT napaflOKcajitHtie ciiTyanHH b 
3ncKTpo.T h 11a m mice kH x 3aflanax c BpamaioimiMHca 3apaateHHbiMH cucTeMaMH 
[3] h b oneKTpo.T h11 a mh' ice kh x 3aflanax c ripaMOJiHiieimo h paBHOMepHO flBHaty- 
muMuca CHCTeMaMH OTC'iCTa [4, 5], a cooTHomefflia (8.37) h (8.40) xoporno 
coraacyiOTca KaK c OTpimaTeJibHbiMH pe3yjii>TaTaMH ontiTOB Tuna MaHKentcoHa 
[33, 46, 27-30, 51], Tax h c ii on o>kht c jib11bimh pe3ym>TaTaMH ontiTOB Tuna 
CanBara [18, 22-24, 80]. npcoopaiOBaimsi BH/ia (8.35) - (8.40) oipaataiOT co6oh 
BB iaBnaiomyioca b npnGjiHaceffliii VIC om HHCCKyio h 3jtckt po.T h 11a mhh ceKy io 
acHMMeTpHio peantHoro OKOno3eMHoro npocTpaHCTBa h ncnpiiMcnuMOCTB 
npiiHunna OTHOCHTeJiBHOCTH k om hhcckhm h 3 ji c kt po /i h ii a m h h cc k hm aBJieHiiaM 
b yenoBiiax Ha noBepxHOCTH 3eMJiH. IIpaMoro 3 k c n e p h m c iit a n b n oro o6ocHOBa- 
mia npnHunna othochtcjibhocth b onTHice h 3JJ e KTp o /i hii a mhkc OKono3eMHoro 
npocTpaHCTBa ao nacToamero BpeMeHH He nojiyneHO [11, 59], kocbciihbic ace 

3KCnCpHMCIITanBIIBIC H TCOpCTHHCCKHC (jiaKTBI CBHflCTCJIBCTByiOT C 060 H B nOJIB3y 
Toro, hto b ycnoBnax OKono3eMHoro npocTpaHCTBa rpaBHTaiuionnoro nojia h 
“cj)H3HHecKoro BaKyyMa” npHHqnn OTHOCHTentHOCTH HenpuMeHHM. Geftnac eo 
Been onpcpcJicnnocTBio MoatHo yace yraepatflaTb, hto npnHunn oTHocHTentHo- 
CTH, B TOM nOHHMaHHH, KaK OH CeilHaC nOHHMaeTCa, MO/KCT 6 i>ITB npilMemiM 
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toubko b HeKOTopoM a6cTparnpoBaHHOM a6conioTHO nycTOM HepeanBHOM npo- 
CTpaHCTBe (T.e. b npocTpaHCTBe, to'iiio onpcncncimoM hcxo,hhbimh npennocBin- 
KaMH CTO), B KOTOpOM AOnyCTHMO paCCMaTpHBaTB HHBapiiaHTHOCTB ypaBHeHHII 
OIITHKH H 3-3C KTpO.T H11 a M H K H. B peajIBHOM )Ke npOCTpaHCTBG BBIIIOJIHHMOCTB 
npiiiinniia oTHOCHTentHOCTH HMeeT CMBicn paccMaTpiiBaTB toubko npiiMeffli- 
TOJIBHO K (J)H3HHeCKH 3K BIIB HJIC11T11BIM CHCTOMaM OTC'ICTa (HanpilMep, npOCTpaH- 
ctbo okoho 3eMHH h npocTpaHCTBO OKono BeHepBi h t./i.), onnaKO HHBapiiaHT- 
HOCTB ypaBHeHHII OnTHKH II 3-3 CKT pOT H11 a M H KII B peajIBHOM npOCTpaHCTBe ,Ta>KC 
B (J)H3HHeCKH 3KBHBajieHTHBIX CHCTeMaX OTC'ICTa IIC,TOrlyCTHMa. B ([lIIill'ICCKH >Ke 
HeoKBHBaneHTHBix CHCTeMax OTC'iCTa peauBHoro npocTpaHCTBa, KaKHMH hbjih- 
iotch noKoamaaca n TBii/KymaacH otiiociitcjibiio noBepxHocTii 3eMHH cncTeMBi 
OTC'iCTa, OCHOBHBie KOIIHCMIIHH COBpeMeHHBIX TeOpilIl - BBinOJIHHMOCTB npilHHIl- 
na OTHOCHTeUBHOCTH II HHBapiiaHTHOCTB ypaBHeHHII - OKaSBIBaiOTCH y5Ke IIC/IO- 
nyCTHMBIMH. 


BbiBOAbi 

OcHOBBiBaacB Ha pe3ynBTaTax npoBC,TcniiBix iiccJic/iOBaiiiiii. moikho cyic- 
JiaTB OCHOBHBie BBIBO/1BI. 

1. MaTCMaTH'iecKH aocTpaKTiiaa cTporocTB Teopim b ,Tonymcnnn nycTOTBi 
npocTpaHCTBa He npenonpenenaeT cTpororo nee OTpa>Kcnnii aBneHiiii peanBHoii 
aeHCTBHTenBHOCTii, naoiito/iacMBix b 3tom npocTpaHCTBe. 

2. J[nn oniicaHiia orn hhcckhx aBneHiiii b ycnoBiiax Ha noBepxHocTii Mac- 
ciibhoto rpaBHTiipyiomero Tena 3eMHH mcto.tbi KnaccimecKOH 3 acKTpo/inna\iH- 
KII npiIMeHHMBI B 6oHBHieH CTeneHII, 'ICM MCTO.TBI CTO. 

3. CoBMCCTiiaa miTcpnpcTaiina MCTO/iaMii KJiaccHHecKOH n penaTUBHCTCKoii 
3JieKTpOTHHaMHKH (a TaiOKe MCTO/iaMM OTO) HMCIOIIIHXCH 3KCnepiIMeHTajIBHBIX 
II TeOpeTHHeCKHX (jiaKTOB B o6naCTH OnTHKH H 3 J1C K TpO ,T H 11 a M H K II OKa3BIBaCTCa 
HeyaoBJieTBopHTenBHoii. 

4. y.TOB-TCTBOpiITC-TBIiaa COBMCCTIiafl HIlTCpnpCTaUHa HMCIOIHHXCH 3KCne- 
piIMeHTajIBHBIX II TCOpCTH'ICCKHX (JiaKTOB B o6naCTH OnTIIKII II 3.3CKTpO,THIIaMHKII 
OKa3BiBacTca boimovkiioii npn .TonymciiiiH cymccTBOBaiiiia acHMMCTpii'iiiBix 
(j)H3HHeCKHX CBOHCTB y peajIBHOTO 0K0H03eMH0T0 npOCTpaHCTBa. CKOpOCTB CBe- 
Ta ocTacTca BCJiH'iiinoii iiocToaiiiioii C = Co = const toubko OTHOCHTenBHO no- 
BepxHocTii rpaBHTiipyiomero Tena 3eMnn, Mannrmoc none oKono sneKTpime- 
CKoro sapa/ia He paBHO Hymo TonBKO b cny'iac tbhvkciihh /laimoro sncKTpii'ic- 
CKoro iapa.Ta OTHOCHTenBHO noBepxHOCTH 3eMnn. 
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5. B npH6nH)KeHnn VIC mctoabi KJiaccHHecKOH h pcjihthbhctckoh sneKTpo- 

PHHaMHKH (JlOpMajIBHO POIiy CTHMO CHHTaTB npHMCHHMBIMH TOJIBKO B yCHOBIMX 
“naGopaTopHoii” chctgmbi OTcneTa, iicno.TBH'/KiioH othochtgjibho noBepxHOCTH 
3eMHH, MOKpy TeM KaK ana onHcarnra MBjrcinrii peanBHOH peHCTBHTeJiBHOCTH b 
JIK)6oH npOH3BOHBHO PBHVKyiHCHCH OTHOCHTeUBHO noBepxHOCTH 3eMHH CHCTeMe 
OTCHCTH npHMGHHMOCTB MCTO/lOB KJiaCCHHCCKOH H peJMTHBHCTCKOH 3JieKTpOPH- 
HaMHKH IICOOXO/IHMO CHHTaTB OipaHHHeHHBIMH. 
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HacTb II 

3 JIEKTPOC T ATHK A CPE/JM <DH3HHECKOrO 

BAKYYMA 

rjiaea 1. IIpoSjieMbi 3JieKTpocTaTiiKH nycToro npocTpaHCTBa 


1. CoBpeMeHHoe npencTaBJieime 06 3JieKTpHHecKOM nojie 3apaaa 

3jieKTpHHeCKHH iapa.l - O.TIIO H3 (JjyH/iaMeHTajIBHblX CBOHCTB BemeCTBa 
nnevfenTapnbix qacTim. He MeHee c[)y nna\ic imanbnbi m aBJiaeTca cbohctbo aneK- 
TpunecKoro sapana o6pa30BbiBaTb b npocTpaHCTBe oKono ceoa aneRTpimecKoe 
none. KavK/ibiH noKoaim-mca nncMcnTapiibiii aneRTpunecKun 3apan e i-mnyunpy- 
eT b oKpyncaiomeM ero npocTpaHCTBe co6cTBeHHoe aneKTpiinecKoe none E, ko- 
Topoe npennonaracTca npocTupaiomuMca no occkoiichiiocth. CornacHO coBpe- 
MeHHBiM npcncTaBncnujiM. aneRTpunecKoe none E] sap ana e, npcncTannacT co- 
6on oco6bih nun MaTepnn, xapaKTcpi-nyiomeMca KaK onpencneimbiii c])H3H'ic- 
ckhh o6i.eKT, KOTopbin caM no ce6e iiancncn cbohctbom OKa3biBaTb cnnoBoe 
B03AencTBne Ha npyroii npocTpaHCTBeHHo ynaneniibiii noKoamniica aneKTpnne- 
ckhh japan e 2 . npnMeHHTenBHO k peantHtiM ycnoBiiaM naoopaTopnoii cncTCMbi 
OTC'iCTa Ha noBepxHOCTH rpaBHTnpyiomero Tena 3eMnn n b OKono3eMHOM npo¬ 
cTpaHCTBe, cnna B3an m oneii ct b n a nfiyx rioKoamuxca onnocnTcnbiio noBepxHO- 
cth 3eMnn nncKTpi-mccKHx iapa.noB e\ n e 2 onpencnaeTca 3aKOHOM KynoHa 

F = —!-y-R . (1.1) 

R 3 

B nanBiiciimcM non “na6opaTopHon chctcmoh OTC'iCTa” oyncT rionpasyMCBaTBca 
TonbKO TaKaa cncTeMa OTcneTa, KOTopaa ocTacTca b cocToaimn rioxoa othoch- 
TentHO noBepxHOCTH rpaBHTnpyiomero Tena 3 e vino. iTpiiMenuMOCTb 3aKOHa Ky- 
noHa b 3anHcn (1.1) nna rioKoamuxca sapanoB b nioobix npynix encTCMax ot- 
e'lCTa (HanpuMep, nBHVKymnxca omocHTcnbno noBepxHOCTH 3c\tnH) neooxonn- 
mo CHHTaTB anpnopHoii, Tax KaK 3aKOH KynoHa (1.1) nciicTBHTcnBiio npoBepeH 
oriMTiiMM nyTeM TonbKO nna noKoamuxca b naoopaTopnoii cucTeMe OTcncTa 
nneKTpH'iccKHX 3apanoB e\ h e 2 . HenocpencTBeHHO H3 3anHCH 3aKOHa KynoHa 
(1.1) MOVKiio ycTanoBHTb, hto nanpa’/KcimocTb aneKTpimecKoro nona E i ot to- 
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hchhoto aapa/ia e\ b tohkc naxoA/icniia npo6Horo aapa/ia e 2 onpenenacTca 3a- 

BHCHMOCTBIO BH/ia 


E "F R ' 


( 1 . 2 ) 


OntiTHtiM nyTeM ycTanoBneno, hto cnny B 3 a hmo/ic iiex b h a F (1.1) noKoameroca 
npo 6 Horo iapa/ia e 2 c bjicktphhcckhm noneM Ei (1.2) npyroro noKoameroca 
3apana e\ moaho npe/iCTaBUTB eme KaK 

F 12 — E t e 2 . (1.3) 

H 3 (1.2), (1.3) bh.iiio, hto HanpjDKeHHOCTt 3JieKTpnHecKoro nona Ei aBnaeTca 

BOKTOpHOH BOJIHHHHOH. H3 ,TOnyiHCIII1>I 5Ke CHMMeTpHH CBOHCTB O/lIIOpO/lHOrO 
npocTpaHCTBa cnc/iyei nonOAHTB, hto BeKTop iianpaAcimocTH sneKTpuHecKoro 
nona Ei b kba/ich tohkc npocTpaHCTBa oy/iCT nanpaBnen Bcer.ua no pa/inyc- 
BeKTopy R, upoBcncimoMy H3 tohkh, b KOTopoil naxonmea b pae'eviaTp h Bac mbi il 
MOMOHT 3JieKTpHHeCKHH 3apa,T <2]. H3 TeX Ae COo6pa>KeHHH CHMMeTpHH CBOHCTB 
npocTpaHCTBa moaho 3aKJHOHHTi>, hto aocomoTnaa BemiHHHa BeKTopa nanpa- 
>KeHHocTH 3JieKTpHHecKoro nona E, ot tohchhoto sapana 6] bo Bcex HanpaBne- 
miax (ot aapa/ia e\) Oy/iCT 3aBHceTB toubko ot paccToamia R ot iapa/ia e\ /io 
tohkh Ha6nioaeHHa. KaK noKa3BiBaeT ontiT, BeKTop nanpaAcnnocTH siicKTpH'ic- 
ckoto nona E 0 b tohkc naomo/ieima N ot hcckoubkhx ncno.TBHAHBix oneKTpii- 
necKHX aapa/ioB paBeH BCKTopnoil cyMMe nanpaAcnnocTH sneRTpiinecKiix noacil 
E,., C03,TaBaCMBIX KaA/IBIM H3 3apa/10B e, B OT^eUBHOCTH 

E 0 =X E '-’ ( L4 ) 


to ecTt cyMMHpoBaHHe 3JieKTpHHecKHX noneil rio.TninacTca npnHunny cynepno- 
3HHHH. OTKy/ia cnc/iyeT, hto npc/inonaracMaa m a t c p h an h 30 b a n n a a cyocTaniina 
3JieKTpHHecKoro nona Ej ot o/uioro iapa/ia e\ moact toubko HanaraTBca (cKJia- 
.UBiBaTBca) Ha MaTepHajiH30BaHHyto cy6cTaHHHio sneRTpiinecKoro nona E 2 /ipy- 
roro iapa/ia e 2 , He npcTcpncBaa npn stom HHKaKoro npoTHBOHciicTBua co cto- 
pOHBI nepBOH. 3 to MO ACT COOTBCTCTBOBaTB TOUBKO TOMy, HTO 3JieKTpHHeCKHe 
nona ot pa3HBix 3apa/ioB npyr c npyroM He b 3 a hm 0/1 c iic tb y 10 t. TaK KaK Ha nio- 
6oil 3JieKTpHHecKHH aapa/i e 2 , rioKoaim-iHca b sncKipiciccKOM none Ej, /iciicTBycT 
He paBiiaa Hynio sneKTpunecKaa enna F (1.3), to nepeMemeHiie 3apa,ia e 2 b sneK- 
TpunecKOM none Ej b npoii3BonBHOM HanpaBneHHH Bccrna CBaiBiBacTca c CBep- 
HieHneM pa6oTBi A, onpcncnacMon KaK 



TjiaBa 1. npo6jieMW 3JieKTpocTaTHKH nycToro npocTpaHCTBa 


199 


ripn'icM pa6oTa A (1.5), coBepmaeMaa cnnon F 12 aJicRTpu'iccKoro nona Ei Ha# 
npo6HtiM 3apa,TOM e 2 Ha hio6om 3aMKHyTOM nyrn L, paBHa Hynio, hto cooTBeT- 
CTByeT 3anncn 

A = j)F 12 cfl = jE^dl • (1.6) 

L L 

BocnonB30BaBiHHCB TeopeMOH CTOKca, ana (1.6) MoacHO 3amicaTb 

= ^rotE 1 e 2 <iS = 0 , (1.7) 

l s 

r/ic S - npoH3BoabHaa noBepxHOCTb, orpaiiHHCimaa 3 aMKHyTBiM KOHTypoM L. 
YcnoBue (1.7) B03MoacHO nnrnb b tom cnynae, ecnn poTop BeKTopa HanpaaceH- 
hocth 3JieKTpnHecKoro nona Ei b Kaayion tohkc nona paBeH Hynio, T.e. 

rot Ei = 0. (1.8) 

M 3 (1.8) mo)kho saKjTFOHHTB, hto sneKTpiinecKoe none E noKoamiixca sneKipn- 
necKHX iapa.TOB aBJiaeTca 6e3BnxpeBbiM 1 iotc n hm an b n bi m noneM. B eooTBeTCT- 
bhh c 3thm, noTcnunan cp 3jieKTpnHecKOTO nona E TonenHoro iapa/ia e movkct 
6bitb onpe/icncn 3aBHCHMOCTBio 

<P(r) = e/r, (1.9) 

pic r - pannyc-BCKTop. npoBe/icniiBiH H3 tohkh, b KOTopon pacnonoaceH lapan e, 
b TOHKy N, aim KOTopon onpcncnacTca noTeHiinan 9 . C yncTOM (1.9) HanpaaceH- 
hoctb 3JieKTpnHecKoro nona E MoaceT obitb BtipaaceHa eme b bh/ic 

E = -gradcp = ^—r , (1.10) 

r i 

npnneM onpencncmic (1.10) He npoTHBopenuT ycnoBino (1.8) 

rot (grad 9 ) = 0 . ( 1 . 11 ) 

OiHTacTca. hto MaTepnantHOCTb sneRTpiinecKoro nona, KaK pcanBiioro t])ii- 
3HHeCKOTO OOBCKTa, IlO/lTBCpaviaCTCa TeM H3BeCTHBIM cjjaKTOM, HTO C SnCKTpH'IC- 
ckhm noneM E 3apana e Bcer.ua CBfiiaua BnonHe onpe;;eneHHaa 3Heprna W E , on- 
pcnenacMaa icaic 

W E =^-\E 2 dv, ( 1 . 12 ) 

V 

pne HHTerpnpoBaHHe npoBonuTca no BceMy npocTpaHCTBy, HCKnioHaa o 6 i>eM 
caMoro iapa/ia e. Tax KaK /in a HanpaaceHHOCTH 3ncKTpnHCCKoro nona E oni-i- 
hohhoto TOHeHHoro iapa/ia e HMeeM 

E = e/r, (1.13) 

to, b coraacHH c (1.12), rjw OHeprHH We 3JieKTpHHecKoro nona E 3apa^a e mo>k- 


ho 3anHcaTt 
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1 fe 2 7 1 e 2 

W E=-\^nr 2 )dr = -—, (1.14) 

8ji J r 2 r 0 

V 

rae /'« - npcanoaaracMbiH paanyc iapaaa e. Bin-iay Toro, hto aaa TO'icnioro 3a- 
pana e ireoDxo/iHMO noaoacHTb r 0 = 0. to H3 (1.14) cacaycT, hto 3Heprna We 
3neKTpnHecKoro noaa E Koiic'inoro no BeaHHHHe TonenHoro japana e oica3biBa- 
CTca paBHoil 6ecKOHeHHocTH [ 1—4]. OiraiHecicaa aocypnnocTB pe3yabraTa (1.14) 
npn r 0 = 0, a Taicace pcayaBTaTa aaa cnabi b 3a hm oneil ctbh a F (1.1) tohohhbix 
aapanoB C| h e 2 npn R —> 0, oOHapyaciiBaeT, Ka3anocb obi. orpaiiHHCimocTB oc- 
HOBHBIX I ipilF mil IIOB KJiaCCHHOCKOH 3JT C KTpO/1 H1 1 a M H K H. OCHOBaHHBIX Ha npC.T- 
CTaBaemiax tohohhoh CTpyKTypti aneMCHTapiibix japanoB. B cboio onepepb, b 
K aKoil-TO CTeneHH, sto ct3bht nop comiiciihc cnpaBC.TTHBOCTB ycTanaBjiHBac- 
mbix (JryHKnuoHajibHtix 3aBHCHMOCTeH Bupa (1.1), (1.2), (1.3), (1.12). O.TiiaKO, 
TeM He MeHee, sto He eooTBeTCTByeT eme TOMy, hto onnoBpcMeimo MoaceT obitb 
no.TBcprnyTa comhchhio h MaTepnaabHOCTb caMoro CTaTHHecKoro aaeKTpiiHe- 
ckoto noaa E, hto oho He npencTaBaacT co6oil peaabHoro cj)H3HHecKoro o6beKTa 
[2], OTHOCa 3TH CBOHCTBa TOUBKO K O/HIOMV 3JieKTpOMaTHHTHOMy nOUK). CT3TH- 
necKHe 3JieKTpHHecKHe h ManimiiBic noaa - sto Taicaa ace oObCKTHBiiaa peaab- 
HOCTB, KaK H 3aC KTpO Ma Til I-ITIIBIC noaa, H OTpilUaHHe M BTC p HajI B110 CT H OT/JCTIBIIO 
3JieKTpnHecKoro h MarHHTHoro noaa HeponycTHMO. OTiioci-iTcaBiio ace noaB- 
aaromiixca b (1.1), (1.9), (1.10), (1.12), (1.14) occkoiiciiioctch movkiio iavicTHTB, 
hto ohh ooycaoBaciiBi, b ochobhom, (]iop\ia_riBiiBiM no cBoeMy cymecTBy a6cT- 
paKTHBiM /lonyiuciiiicM, hto vtaTcpnaaBiiaa cvhiiioctb japana CKOimciiTpupoBaiia 
b MaTeMaTHHecKoil TOHKe. Ecan ace hcxophtb H3 pcaaiaiBix npcacTaBaciinil. hto 
cymecTBOBaHHe onpcncaeimoil MaTcpi-iaaBiioi'i cymHOCTH nan MaTcpnaaBiioro 
OOBCKTa B OObCKTM B1 1 Oil .TCHCTBHTCaBIIOCTH BCCrpa Hepa3pbIBHO CBa3aHO C npcp- 
CTaBaeHneM o ncicoTopoM orpaiiMHCimoM npocTpaHCTBe nan onpcacaeiiiiOM 
o6beMe, to 3iicprna aaeRTpiiHecicoro noaa E, aoKaaH30BaHHoro b npocTpaHCTBe 
BHe KOHeHHoro no o6beMy h Konc'iiioro no BeaunnHe japana e Bcerpa oypeT 
BeanHHHOH KOHeHHOH. AHaaorHHHo, h cnaa B jaHMopcilcTBua vrcacay japapaMH 
KOHeHHBix pa3MepoB 6ypeT Bccraa BeannnHOH Koiic'iiioil. CaeaoBaTcaBiio, aaa 
ycTpaHeHna orpamiHeHini Ha npHMeHHMOCTb (])\TiKHHOiiaaBiiBix 3aBHCHMOCTeH 
BHaa (1.1), (1.2), (1.9), (1.10), (1.12) b KaacciiHecKoi! aaeKTpoaiiHaMHKe oica3bi- 
BaeTca BnoaHe aocTaTOHHbiM npocTO OTica jaTbca ot npeacTaBaemiH aocTpaKT- 
hoh ToneHHOH CTpyKTypBi 3aeMciiTapnoro 3apaaa. 

TaKHM o6pa30M, jaiconBi KaaccHHecKoil 3aeKTpoanHaMHKH, Haxoaamneca b 
aocTaTOHHO xopomeM coraacuH c onbrrabiMH cjjaKTaMH b ooaac'TH MaKpocKomi- 
HeCKOH (J)H3HKH, HMeiOT yaOBaCT BOpHTCa B I ly K) npHMeHHMOCTb H npn ncpcxoac K 
MHKpocKonnHecKHM paccToaHnaM. O 611 apyac h b aio111 h cca ace TpyaHOCTH He pb- 
aaioTca cacacTBi-icM orpaHHHeHHocTii cbmhx 3aKOHOB KnacciiHecKOH aacRTpoai-i- 
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HaMHKH npuMeHHTenBHo k MHKponpoiicc'caM Boo6me, a o6ycnoB:ieHBi, b ochob- 
hom, orpaHHHeHHOCTBio Haimix npcTCTaBTcniiii 06 hcthhhoh h kohghhoh no 
pa3Mepy CTpyKType 3JieMeHTapHBix 3apavRcimBix 'iacTHii. HanpiiMep, Tax Kax 
Han6onee 3JicMcnTapiiBiMH japavRcniiBiMH 'iacTniuiMH iipmmo CHHTaTB 3JieK- 
TpOHBI H n03HTp0Hi>I, TO OnpCTCIIHM MHHHMajIBHO pOnyCTHMMC pa3MCpBI 3THX 

nacTHp, hcxo/ih H3 npc.ino-riO/K'cnini. hto 3ncprna W E (1.14) CTaTunecKoro 3JieK- 
TpunecKoro noiia KynoHOBCKoro pacTanKUBaHna ttcmciitob iapa.ia e sneKTpoHa, 
ji0KajiH30BaHHaa b npocTpaHCTBe bho o6i.eMa 8v 0 =4jir 0 3 /3 sneKTpoHa, TOiDKHa 
OBITB paBHa HeKOH 3JIC RTpO.T H11 a M H H CC KO H BHyTpeHHeH 3IICpiHH W B 3JieKTpOHa, 
o6ycnoBneHHon HanunneM onpeaeneHHtix BHyTpeHHHX chji, KOMneHcupyioninx 
chjibi KynoHOBCKoro pacTajiKHBaHiia. IIpHHHMaa ansi noiiHOH 3Hepmn sneKTpoHa 

H3BecTHoe 3HaneHne [1, 3, 6, 7] 

W 0 = m 0 c 2 , (1.15) 

c vhctom “BHeniHen” sncprun W E { 1.14) sneKTpunecKoro nona E sneKTpoHa e h 
“BH yTpeHHen” 3ji c KTpo.i h n a \i h h cc ko il 3Hepmn W B sneKTpoHa, mo>kho 3anncaTB 

W 0 =W e +W b . (1.16) 

H3 ycnoBiia paBOHCTBa sncpn-m W E = W„. npiimiMaa bo BHHMaHne (1.14), (1.15), 
ansi nonHon 3Hepmn sncRTpona oy.TCM hmotb 

moC 2 = e 2 /r 0 , (1.17) 

OTRy.Ta ansi MHHHMajIBHO ponycTHMoro pa3Mepa r 0 sneKTpoHa e ycTanaBJiHBacM 

r 0 = e 2 /(m 0 c 2 ). ^ ^ (1.18) 

IloflCTaBJiaa b (1.18) H3BecTHBie bcjihhhhbi e = 4,8-1 CT 10 t-cm 3/2 /c 2 , m 0 = 9,1 -10 
27 r, c = 3-10 10 cm/c, OKOHnaTenBHO HaxonnM 

r 0 ~ 2,8-1CT 13 cm. (1.19) 

3th pa3MepBi 3JicRTpona Ha3BiBaioT KJiacciiHecKHM pannycovi sneRTpoiia 
[1,3,5,7]. Bnojme ecTecTBeHHO, ecnn ripn oimcaimn sucRTpu'iccRoro nona pe- 
aJiBHoro 3JieMeHTapHoro aapa.Ta e sneKTpoHa hcxothtb H3 Tonymcniia kohohho- 
cth ero pa3Mepa ro (1.19), to b RjiaccnnecKon sueRTpo/i hi i a m h rc TOCTaTOHiio 
nerKO y.TacTca roGeacaTB noaBJiemia aocyp.TiiBix occRonc'inocTCH, h mcto,tbi 
KnaccnnecKOH 'in c rT p o ,i h na mhkh, b onpcTCJicimoM CTcriciiH, movriio ciHTaTB 
npneMneMBiMH h ansi m h r poc r orin'icc r h x npopeccoB. TaK KaK npuMciiHMOCTB 
MeTOAOB KJiaCCHHeCKOH 3JIC RTpO.T H11 a M H R H flBa 'in C RTp H H CC R H X iapa.TOB ROIIC'I- 
hbix pa3MepoB He orpaiiHHHBacTca, to b .najiBHenmeM npn paccMOTpeHim jiio6bix 
3JieKTpoMarHHTHBix aBJieHHH Bcer.ua oy.TCT npeanonaraTBca, hto pa3MepBi pe- 
ajIBHBIX 3JieKTpHHeCKHX 3apa,TOB KOHeHHBI. B HaCTHOCTH, ansi pa.THyea 3JieKTpOHa 
6yneM nonaraTB r 0 = 2,8-10 13 cm, a CTpyiaypa 3JieKTpoHa 6yTeT npeanonaraTBca 
npocTenmeH, npn ROTopoii BecB japan e 3JieRTpona pacnpeaeneH Ha etJiepHne- 
ckoh noBepxHOCTH pa.THyea r 0 . lloTOOnaa crpyKTypa sjicRTpona 0Ra3BiBacTca 
TOCTaTOHHo xoporno npneMJieMOH h npn onucaHHii pn.na Tpyn-ix tj)H3HHecKHx 
CBOHCTB STCRTpOIia. 
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2. CHJIbI KyjIOHOBCKOrO paCTaJIKHBaHHH 
h 3Hepraa 3JieKTpHHecKoro nojia 3JieKTpoHa 


n P n /lonymeimii koiichiocth pa3MepoB h cc^epnaecKon CTpyKTypBi sneic- 
TpoHa e, onpe^enHM pe3ynbTnpyiomyEO cany F OTTajiKHBaaaa o/inouMcimBix 
3apH'/Kcimbix ajieMGHTOB 5e iapa.ia e sneiapoBa, ncnoubsyfl n3BecTBbiH 3aKOH 
Kynoaa (1.1) ana chjibi b 3 an mo/i c ii c t b h h sjtcmciitob §e MOK/iy co6oil. ilpe/ino- 
naraa paBHOMepHoe pacnpepcucime japa/ia no noBepxHOCTH aneiapoBa, ana 
noBepxaocTaon nnoTBOCTn iapyi/ia movkiio aauncaTB 




( 1 . 20 ) 


r^e r 0 - KJiaccnaecKnn paanyc 3JieiapoBa. OnpeaenHM cany dF 0 , .nencTByiomyio 
aa KaKoa-nn6o 3JieMeaT 5e aapji.ia e co CTopoabi japa/ioB mapoBoro cjioji rnapa- 
Hoa dl (pac. 8) 

dF 0 - 5ep f coscp, (1.21) 

r 


r^e 



dS = 2k h dl. 

(1.22) 

npaaaMaa bo BaaMaaae, hto 



dl = dy/{ sin 2(p), 

h = r sin 2(p, r = y/{ cos (p), 

(1.23) 

ana cbjibi dF 0 ycTaaaBJiHBaeM 



dF 0 

Ji5ep 0 cos(p ; 

— ay . 

(1.24) 


y 



Pac. 8 
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TaK KaK cos (p = r/do, r^e do = 2ro, to aim (1.24) motkho eme 3anncaTB 

dF 0 =- 

huh, c yneTOM coothoihchim y/r = r/do 


dF 0 = 


nSep ° r dy 

d o y 

(1.25) 

n 6 ^ldy. 

(1.26) 




HiiTcrpupyH (1.26), oy.TCM hmctb 


|4L = 2^p 0 

y d 0 n V>’ 


(1.27) 


y mhotkhb h pa3^enHB (1.27) Ha S 0 = 4 ji Tq h yHHTtiBaa (1.20), nonyHHM 

dF 0 =~- ( L28 ) 

2 r o 

B pe3yni>TaTe naxo/iHM, mto Ha bcio 3apH>Kcimyio noBepxHOCTB ,S 0 sneKTpoHa e 
6y/iCT ,TciicTBOBaTb cyMMapHaa CTaTHHecKaa cnna KynoHOBCKoro pacTanKHBaHiiH 


2 r o i 2 r 0 


(1.29) 


H 3 Koncnioro pe3ynBTaTa (1.29) motkho c^enaTB bbibo,i, hto cyMMapnaji cnna F 0 
pacTajiKHBaHHTi 3JieMeHTOB 6e sapa/ia e BJicKTpona oOycnoBneHa, b ochobhom, 



Phc. 9 

chjioh KynoHOBCKoro pacTanKHBaHHH MOK/iy hhmh, h BHeniHee 3JieKTpHHecKoe 
none E 3JieKTpoHa KaK 6y/iTO 6bi iicnpu'iacTno k stoh cnne. O/iiraKO, motkho 
noKa3aTB, hto ananorn'iiiBiil pe3ynBTaT nnn cyviMapnoil chjibi F 0 (1.29) pacTan- 
KHBaHHH MO/KCT 6bitb nonyHcn TaKTKe h b tom cjiynae, earn ynecTB BiaHMoncii- 
CTBHe iapa.ia e sncKTpoiia c cooctbciiiibim 3ji e KTp m 'i cckhm noneM E. Htoobi no- 
Ka3aTB 3to, npc.inonovKHM. hto TOJimiiHa noBepxHOCTHoro iapHVKCimoro cnon 
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3JieKTpoHa e paBHa kohchhoh bcjihhhhc Ax, rpp Ax « r 0 , a BennHHHa lapana de 
Ha mapoBOM choc toji minion dx nponopunoHantHa Tomiinnc stoto cnoa, T.e. 

de = (dx/Ax)e. (1.30) 

B 3tom cnynae rjul nanpavKcnnocTH sneKTpHHecKoro nona E Ha mapoBOH no- 
BepxHOCTH pamiyca (r 0 -x) Dy/icvi hmctb (puc. 9) 


, _ e[(Ax - x)/Ax] _ eil-x/Ax) 
(r 0 -x ) 2 r 0 2 (l-x/r 0 ) 2 ’ 


C v'ictom (1.31) Ha 3JieMCHTapHBiH japan de mapoBoro cnoa dx, ne)Kamero Ha 
mapoBOH noBepxHOCTH pa.inyca (ro - x), /lOJrA'na /iciicTBOBaTB cnjia 

dF 0 = E' de (1.32) 

huh, npuHHMaa bo BHHMaHHe (1.30), (1.31), 


dF n = 


e 2 (l-x/Ax)(dx/Ax) _ e 1 


Axrk 


1 - x/Ax 
(1 -x/r 0 f 


dx 


(1.33) 


( r o~ x ) ^'o 

YniiTBiBaa, hto x « r 0 , pa3no>KHM 3HaMeHaTeni> b KBanpaniBix CKOOKax b pan h, 
orpaHHHHBaacb nepBBiM npHOnHaceHiieM, noJiyHHM 


dF 0 = 6 - dx - %^-xdx . (1.34) 

Axr 0 ~ Ax~r^ 

MiiTcrpupya b npc/iejiax ot x = 0 ao x = Ax, jijul cyMMapHOH chubi F 0 B3aHMO- 
^encTBua iapnna e 3JicKTpona c cooctbciiiibim 3Jicktphhcckhm noneM E' ycra- 
HaBJIHBaCM 


Fo=- 


A xrA 


Ax 2 Ax 


1 6^" 
xdx =-—, 

2 r o 


(1.35) 


hto coBna/iacT c (1.29). 

TaKHM o6pa30M, BHyTpeHHue chubi sneRTpiiHecKoro pacTajiKHBaHiia 3 Jick- 
TpOHa M05KH0 HHTepnpeTHpOBaTB JIIl6o KaK CHUBI KyjIOHOBCKOTO 3JieKTpHHeCKOrO 
pacTajiKHBaHiia Meacay sneivieHTaMH §e, a 5et (i ± k) 3apa^a e sneKTpoHa (npezp 
noaaraa, hto /ichctbhc ot o/inoro 3JicMeiiTa 5e, japn/ia e k /ipyroviy 6e k HanpaB- 
jicho no npaMOH h ncpc/iacTcn no npiiHunny panbiiopciicTBua), jih6o KaK B3an- 
MojicHCTBHe sneMeHTOB 5e, iapnna e c pe3ynBTnpyiomHM tjicktphhcckhm non cm 
E' sncKTpona e (npc.nnonaran, hto .tchctbiic Ha sjicmciit 5e, iapn.na nncKTpona 
ncpc/iacTcn ncnocpcTCTBCimo ot pe3ynBTHpyiomero nneKTpHHCCKoro noma E' b 
TOHK e naxo>K,Teniia 3Toro nncMCiiTa 5e, no npiiHunny ojnrjKo.ncHCTBnn ). He 6y- 
,tcm noKa aKucm upoBaTB BHHMaHna Ha BepHOCTH on noli hjih Tpyroii HHTepnpe- 
TailHH, O.TIiaKO OTMeTHM, HTO MCVK.Ty HIIMH HMeeTCa CyHICCTBCHHOC OTJIHHHC. 
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CornacHO nepBOH HiiTcpnpcTani-m, noTeHunajibHaa SHepraa b 3 a h m on c ii ct rh a 
ajieMeHTOB xapana e npyr c npyrovi npcnnonaracTca cocpc.ioTO'icnnoii b caMiix 
ajieMeHTax 5e ; h jioxajiH30BaHHOH b o6i>eMe 5vo = (4/3) nr 0 snexTpoHa. Mencny 
TeM Kax coraacHO BTopofi niiTcpnpcTanHH noTeHU,Hain>Haa 3Hepraa BaaHMO/iCH- 
ctbim 3JieMeHTOB 5e,- sapana e c co6cTBeHHBiM pciyuBTupyiomuM snexTpHHe- 
ckhm noneM E' npennoJiaraeTca cocpenoTOHCimoH b caMOM onexTpuHecxoM no¬ 
ne E', T.e. BHe o6i.eMa 5vo onexTpoHa. Kax b nepBOM, Tax h bo btopom cnynae 
noTeHpnajiBHan sncprun r 3 a n m one il CTBHn 3Jicmciitob 5e,- Japan a e 3JicKTpona 
MO>xeT 6bitb onpencnciia, eenn iicxo.ihtb H3 inane 1111 a chjibi pacTanxHBaHHa F 0 
(1.29) huh F 0 (1.35). npcnnonaraa, hto japan e snexTpoHa o6pa30BaH nepeMe- 
meHneM tjicmciitob 5e, stoto japana co aJiepBi GccxoncHiioro pannyca no cc})c- 
pti pannyca r 0 , nna cyMMapnoii chjibi pacTanxHBaHHa F npn npoioBOJiBHOM pa- 
ni-iycc r japavKeimoii ccjiepRi 6ync\i hmctb 



CooTBeTCTBeHHO, nna TJicMeiiTapiioii paooTBi dA MonceT obitb 3anncaHO RBipa- 
nceHiie 


1 ^ 

dA = F dr = dr . 


(1.37) 


B peiyiiBTaTc ana nonHOH pa6oTi>i A nepeMemeHiia japana e 3JiexTpoHa Ha no- 
BepxHOCTt pannyca r 0 nonyHHM 


2 r 0 7 ,2 

a = ‘-\ d 4=--=u, 

9 J v 9 r 


. 0 a- 38 ) 

^ r 2 

hto 3XBHBaneHTHO SHepnin sjiexTpiiHecxoro nona W E (1.14) snexTpoHa. Ha nep- 
bbih B3rjum MO>xeT noxa3aTBca, hto paooTa A (1.38), xoTopaa 3aTpaHHBaeTca Ha 
nepeHoc 3JicMciiTapnBix japanorj 5e,- 3JiexTpoHa H3 6ecxoHeHHocTH Ha ccfiepy 
pannyca r 0 , CBajana tojibxo c npconoJieiiHCM chji xynoHOBexoro pacTanxHBaHHa, 
jt o k an h 3o b an n b 1 x BHyTpn CTaniRaiomeroca o6i.eMa, h Huxax He CBajana c 3Hep- 
rueft o6pa jyiomcroca npn stom 3JiexTpiiHecxoro nona W E (1.14), noxanmyio- 
nicHca. b ochobhom, BHe CTaniBaiomeroca o6i.eMa sncKTpona. CooTBeTCTBeHHO, 
h .ina oomcii anepniH sncKTpona, xa3anocB 6bi, nonvxiia 6bitb cnpaBcnmiBa 3a- 
nnci> 


W 0 = W E + U , (1.39) 

to ecTb sncprua W E snexTpiiHecxoro nona sncKTpona nonrnia obitb npocyMMH- 
poBaHa c noTeHunajiBHOH aiiepnicil b jaHvronciicTBua U sneMCiiTapiiBix japanoB 
5e, 3JiexTpoHa \ic>Kny co6oh. Onnaxo, b ncil ctb men b 1 10 cti-i. 3anncB (1.39) oxa- 
iBiBacTca HeBepHOH, Tax xax noTcnnnanBiiaa jiiepnia U , eooTBCTCTByiomaa pa- 
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6oTe A (1.38), h SHeprun W K sneRTpunecKoro nonn E sneKTpoHa npencTaBnnioT 
co6oh o/my h Ty nee 3HeprHK> 

U=W E . (1.40) 

flpyrnMH CJIOB3MH, Kor.ua 3aTpaHHBaeTcn pa 6 oTa A (1.38) Ha nepeHoc iapn/ia e 
Ha c(])cpy pannyca r 0 , to 3Hepnin U, cooTBCTCTByioman stoh pa 6 oTe A (1.38), 
KaK pa3 h 3anacaeTC?i b sncprun W E (1.14) oopa'iyiomcrocn aneRTpunecKoro no- 
na E 3Toro 3apn.ua e, T.e. pa 6 oTa A (1.38) nonHOCTtio TpaTHTcn tohbko Ha co3.ua- 
HHe p e 3yn bt h p y 1 o m c ro aneRTpiinecKoro nonn E sjicKTpoira e. n o /it b e pnen c n h e m 
3TOMy MoneeT cnyneHTB eme h tot cjjaKT, hto npn CTnniBaHHH 3apnneeHHOH cc[)c- 
pti pa/inyca r aneRTpunecKoe none BHyTpn ee Bccr/ra ocTacTcn paBiiBivi nynio, 
HTO HCKJIIOHaeT B03M0VKII0CTB B3aHMO,TCHCTBHH MC/K.TV C 060 H no npjIMOH BHyTpH 

c(])cpbi 3jieMeHTOB 5e,- iapn/ia e cornacHo 3aBHCHM0CTH (1.3). Cne/ioBaTenBHo, 
pa6oTy A (1.38) no npeoaoneHHio enn KynoHOBCKoro pacTanKHBaHiin npn o6pa- 
30B3HHH aapnna e aneierpoHa h npouccc coi/iaimn pe3ynBTHpyiomero aneKTpn- 
necKoro noun E aneKTpona e iicooxo/ihmo paccvraTpuBaTb toubko b Hepa3pBiB- 
hom e/iHHCTBe, h Bonpoc o ji0KajiH3apHH 3JieKTpHHecKOH Hacra 3HeprHH We pa3- 
pcmacTcn caM coooii - 3Ta 3Hepriin noKanH3yeTcn toubko b OKpyneaiomevr iapn/i 
e npocTpaHCTBe, b ero pe3ynBTnpyiomeM ancKTpHHccKovi none E. IIonyHeHHoe 
nee KonnHecTBeHHoe coBna/icnric koiichiibix pe3ynBTaTOB (1.29) n (1.35), a Taienee 
(1.14) n (1.38), noKa3BiBaeT, hto orpaHHHeHHOCTH b npHMeHHMOCTH 3aKOHa Ky- 
noHa b 3anncn (1.3) b paccMOTpeHHBix cnynanx He oonapyneeiio. OrpaHiineH- 
hoctb nee 3aKOHa KynoHa b 3anncn (1.1) b /rainioM cnynae OKa3BiBaeTcn o6y- 
cnoBneHHon 3anoneeHHBiM b stom 3aKOHe /lonymeimcM, hto /ichctbhc ot omioro 
iapn/ia k npyroviy nepc/racTcn no npuHnuny aanBHOAencTBnn. 

B iipHBC/icimBix BBime pacneTax 6Bina onpencncna cTaTiinecKan noTeHmi- 
anbiian sHeprnn U (1.38) orranKUBaimn o/uioriMCimbix snevienTOB 5e,- iapn/ia e 
sneKTpoHa nnn, hto to nee, 3Heprnn W E (1.14) pe3ynBTiipyiomero aneKTpiiHecKO- 
ro nonn E (1.13) ancKTpona e n nmicro He roBopunocB o npHHHHax ycTOHHHBO- 
cth CTpyKTypBi sncKTpona, Tax KaK npn HannHHH 3HaHHTenBHBix enn pacTanKH- 
Bamin F 0 (1.29), (1.35), 3apn/i e ancKTpona HeMHHyeMO /lonnecn own 6bi paccBi- 
naTBcn. Pcanwian nee ycTOHHHBOCTB CTpyKTypBi ancKTpona e, KaK 6blho OTMene- 
ho BBime, sacTafinncT /lonycTHTb cymecTBOBannc BHyTpn o6BeMa sncKTpona eme 
KaKHx-To KOMneHcupytomux enn npHTnneeHiia He sncKTpmiccKOH upripo/ibi, 
BHyTpeHHnn noTcnnHanbnan 3Hepriin KOTopBix W BH paBHa sncpniH U (1.38) nnn, 
npHHHMan bo BHHMaHne (1.16) h (1.40), 

W bh =W e . (1.41) 

IloKa c nocTaTO'moil nocTOBcpiiocTbio MoneHO nnniB yTBepne/iaTb. hto BHyTpeH- 
Hne cnnBi npHTnneefflin sncKTpoira e no iipnpo.TC cboch /lonnenbi 6bitb cnnaMH 
nnHaMHHecKoro nponcxone/icniia, c bh/ictcji bctbom Hero nBnneTcn HannHne y 
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3JieKTpoHa e aHOManBHoro McxannHCCKoro cimna n aHOManBHoro MaraiiTHoro 
MOMeHTa [ 8 ]. KoHKpeTHBie )Ke npHHHHbl yCTOH'IHBOCTH CTpyKTypBI 3JieKTpOHa e 
MoryT 6 bitb not toubko nnniB ripn BBiacHemiH hcthhhoh npopo/ibi BHyT- 
peHHIIX 3nC KTpo .1H II aM H H C C K H X CHH H KBaHTOBBIX 3aKOHOB, V npaBJlHIOIHHX HMH. 


3. 3jieKTpHMecKoe nojie chctcmm 3apaaoB 


PaccMOTpuM 3JieKTpocTaTHHecKoe none E cncTeMBi tohchiibix ophohmch- 
hbix 3jt eKTp h' iec kh x iapanoB X®; = Q ■ pacnpcpcneniiBix b npocTpaHCTBe no 

i 

onpepcnennoMy 3aKOHy. 3neKTpiiHecKoe none E 0 (1.4) cncTeMBi noKoamnxca 
ToneHHBix iapa/ioB. cornacHO npuHnuny cynepno3nnnn, paBHO cyMMe sneKTpn- 
necKnx noneil E„ co'ipaBacMBix Ka>K,nBi\T H3 iapa.ioB BOTpcnbnocTH. T.e. 

E 0 =^E,. . (1.42) 

i 

Ilpn 3 tom noTcnnnan sjieKTpnnecKoro nona cncTeMBi noKoamnxca tohchiibix 
iapsmoB paBeH 


( P 0 (r) = X (p ' = Sl 


r-r, 


(1.43) 


rpc r - pa/inyc-BCKTop tohkh naonio/iennyi. b KOTopoil onpepenaeTca noTefflinaji 
(p„ r, - pa/inyc-BCKTop tohkh, b KOTopoil naxo/inTca 3apap e , |r - r,| - paccroa- 
Hne ot 3apapa e po tohkh naoniopcnni-i r. Ilo H3BecTHOMy 3HaHeHHio noTeHnna- 
na (p,- b TOHKe r movkiio nailTH 3HaHeHne nanpnncennocTH sneKTpiiHecKoro non a 
E; B 3TOH TOHKe COTJiaCHO 

E,- = -grad <p„ (1.44) 

OTKypa ana pe3ynBTnpyiomero sncKTpnnccKoro non a E 0 (1.42) mopcho cine 3a- 
nncaTB 


E n = 


grad tp, 


(1.45) 


O/inaKO BBiKna.TKn (1.42) c cyMMnpoBaHneM sncKTpiniccKnx noneil E, pna to- 
neHHBix 3apapoB He Bcerpa OKaabiBaioTcn ypoonbiMH. Ecnn, HanpnMep, pacnpe- 
pcnennc sncKTpn'iccKHX 3apapoB b npocTpaHCTBe rapano npn noMomn Henpe- 
pBiBHoi! (jjyHKpnn p(r), to ypooncc nepeirrn k p hi])(]) cpcn nnan b n bim xapaKTepn- 
CTHKaM sneKTpnHecKoro nona. B stom cnynae pna MaTeMaTHHecKoro onncaHna 
sneKTpnHecKoro nona cncTeMBi tohchiibix 3apapoB iicooxophmo ncTHHHoe pac- 
npcpencnnc tohchiibix pncKpcTiiBix 3apapoB 3aMeHHTB cJjhkthbhbim HenpepBiB- 
hbim pacnpcpcncnncM. pna Hero pocraTOHHO nononciiTB 

de = p dv , 


(1.46) 
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pne p = deldv - iijiothoctb iapn/ia b BBmeneHHOM 3JieMeHTapHOM o6i.eMe. B cny- 
'iac ncno.iBH'/Kiibix iapn/ioB p(r) aBJiaeTCa nenpepBiBiioii ([lynKiineii to'ikh r. 

Onpc/icniiM 3jieKTpnHecKoe none E chctcmbi noKoamiixca lapa/ioB. pac- 
npc/iencimBix no npon3BonBHOMy 3aKOHy p(r) b 3aMKHyTOM o6i.eMe v. Bbinn- 
meM cncTeMy ypaBiicniiii MaKCBenna nna 3 ji e kt pocTaT hh ec ko ro nona chctcmbi 

iapH.TOB B nOJIHOM BH.TC 


rot E = 0, 

(1.47) 

div E = 4;ip, 

(1.48) 

rot H = 0, 

(1.49) 

div H = 0. 

(1.50) 

PeiueHiie cucTeMBi ypaBHeHini aim MarHHTHoro 

nona H (1.49), (1.50) noicoa- 


HJHXCa iapjl.TOB HMeeT TpilBHajIBHBIH BUT 

Hs 0. (1.51) 

3to OBiia'iacT. hto ncno.TBHVKHBic b TaoopaTopnoii cncTeMe OTcneTa iapn.TBi He 
HHflynnpyioT MamuTHoro nona. /Jna pemefflia (1.47), (1.48) BBeTeM CKanapHyio 
(JjyHKipno b Bn^e 

E=-grad(p. (1-52) 

YpaBHefflie (1.47) Ovtct aBTOMaTii'iccKH yroBTCTBopeno, nocKOJiBKy 

rot-grad (p = 0. (1-53) 

Il3 (1.48), c yneTOM (1.52), nonynnM 

div ■ grad 9 =-4;ip(r). (1.54) 

YpaBHefflie IlyaccoHa (1.54) MonceT obitb 3anncaHO cine b bh.tc 

A(p = -4jip, (1.55) 

PTe A =- oneparap JIaruiaca. YpaBHefflie IlyaccoHa (1.54) no 

3a,Taimo\iy pacnpcnencnHio lapa.TOB p(r) b npocTpaHCTBe no3BOJiaeT HaiiTH no- 
TeHHHaji ip(r) b Kaacrofl tohkc non a. Odipee peiueHiie ypaBiicniia IlyaccoHa 


HMeeT but 



(1.56) 


pic HHTerpiipoBaHiie pacnpocTpanaeTca Ha Beet o6i.eM v, b kotopom pacnpenc- 
neHBi iapn.TBi. 3/iccb |r - r'| = R npcTCTaBnncT codon paccTommc ot tohkh r' to 
tohkh HaoTio.Tcniin r. dnaHcniic noTeHmiana cp(r) oTBicKHBaeTca b tohkc Ha- 
OTtOTCimn r KaK BHe oOBCMa v, TaK h Biiyipn ero. IIo iiaHTCimoMy BBipanceffliio 
noTeHunajiBHoii cjjyHKfflin cp(r) (1.56) b Tonicax Hadmo^eHim r, b corjiaciin c 
(1.52), M05KH0 yCTaHOBHTB 3IiaHCIIHC BeKTOpa IianpnVKCimOCTH SnCKTpH'ICCKOrO 
nona E(r) b sthx ace Tonicax 
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E(r) = -grad(p(r)= [ P ^ )(r ^ dv', (1.57) 

J | r-r | J 

V 


T.e. BeKTop nanpjivK'cimocTH sjieKTpiiHecKoro nona E(r) ot chctcmbi iiokohihhx- 
ca aapa.ioB, jaKjnoHcniiBix b 3aMKHyTOM o6i>eMe v, He paBeH iiynio KaK BHyrpn, 
TaK h BHe oDTiCMa v. Ot nenpepBiBnoii cjjynKHHH p(r) b (1.57) mo>kho nerKO ne- 
peirm Tenept k /ihck'pctiioh ([lyiiKHHH. xapaKTeproyiomeH cncTeMy tohchiibix 
3apaaoB [2, 9] 

P (r) = ^e ; S(r’ - r’). (1.58) 


B 3tom cjiynae pemeHHe ypaBHemm nyaccoHa (1.54) Mower Gbitb npe^CTaBJieHO 

B BH^e 


cp(r) = 


-S«J 


5(r'-r') 


r - r, 


dvf = 


Si 


r -r, 


(1.59) 


hto eooTBeTCTByeT (1.43). npn 3tom ana BeKTopa nanpHVKcnnocTH sjieKTpiiHe- 
ckoto nonH E(r) ot chctcmbi tohchiibix iapa.ioB b tohkc naojno/icniii-i r mo>kho 
3anncaTb 


E(r)=-grad(p(r) = y e/(r ^ 

, I r - r / I 

huh, npHHHMas bo BHHMaHHe |r - r,| = 7?,-, naxo/iHM 


(1.60) 


E(r) = XJf R ‘=Z E ‘' < 16 » 

i i i 

HTO COOTBeTCTByeT (1.42). 

HecMOTpa Ha KavKymyiocfl jKBHBancmnocTB Bbipa>KeHHH (1.57) h (1.61), 
MCVK/iy HHMH HMCCTCH IipiinHHHHaabllOC OTJIHHHe. ECJIH Ha HeKOTOpOM POCTa- 
tohho 6ojh>ihom paccTosnnm R BHe o6i>eMa v chctcmbi iapyi/ioB Y e t = Q . npn 


3KBHBajieHTHOM pacnpc/icneniiH sapa/ia Q b oobcmc, ana pe3ynbTHpyiomeH Ha- 
npaiaceHHOCTH sjieKTpiiHecKoro nona E KaK npn ncnpcpBiBiioM pacnpcpcncniiii 
p(r) japa/ia Q BHyTpn o6i>eMa v 


J r-r 


dv', 


(1.62) 


TaK h npn .THCKpcTiioM TOHeHHOM e5(r - r') 


E 


,W-Z 


YO-r,) 


r-r, 


(1.63) 


mo>kho 3anncaTb 
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E H (r) = E ? (r) (1.64) 

h npn nonepcniBix pa3Mepax I o6i>eMa v, mhoto mchbiiihx R ( R » /), nonycTn- 
mo nono>KHTi>, hto 3JieKTpiiHecKoe none E onpenenaeTca no H3BecTHOMy 3aKOHy 

E,(r)=E f (r) = |R, (1.65) 

to Ha paccToaHiiax R ot o6i.eMa v, coH3MepiiMBix c pa3MepaMn / o6i>eMa (R ~ I), 
n oco6eHHO aim tohck BHyTpn o6i>eMa v, paBeHCTBO (1.64) yace b npuHnune He- 
,ToriycTH\io. 06ycnoBneHO sto TeM, hto npn ncnpepuBnoM pacnpepcncniiM 3a- 
pana Q BHyTpn o6i.eMa v nanpnacennocTB nncKTpnHCCKoro nona E„(r) (1.62) Kax 
BHe, Tax n BHyTpn o6i.eMa v naMcnacTca nenpepBmno ot tohkh k Tonxe, mca.tv 
TeM Kax npn nncKpeTiioM tohchiiom pacnpenenenmi aapnna Q nanpaaccnnocTB 
sneKTpuHecKoro non a E ? (r) (1.63) BHyTpn o6i.eMa HMeeT oco6tie tohkh, b koto- 
pnix oHa npnHHMaeT 6ecKOHeHHoe 3HaHeHne. EcTecTBeHHo, hto sjtcktph'icckoc 
none E ? (r) (1.63) b oKpecTHocTH sthx tohck h bo BHenraeM npocTpaHCTBe b6jih- 
3H o6i>eMa v Moa<eT cymecTBeHHO OTJiHHaTtca ot nncKTpHHCCKoro non a E H (r) 
(1.62). flaHHtie orpannHcniia ocTaioTca cnpaBcnnnBBiMn n aim sapanoB koiich- 
hbix pa3MepoB. 

4. 3HeprHa B3aHMoaettcTBHa h aHepran 3JieKTpHHecKoro nojia 
OAHHOMHbIX 3apHAOB 

OnpcncnnM sncprnio BjaHMoncHCTBua n jncprnio sncKTpn'iccKoro nona 
npocTenmen chctcmbi sapanoB, cocTonmen H3 nnyx tohchiibix sapanoB e n e 2 
[2, 4, 5, 10]. llpcnnonoAHM. hto japan e\ 3aKpenjieH b ncKOTopoil tohkc N npo- 
CTpaHCTBa, a japan e 2 naxonuTca Ha 6ecKOHeHHOM ynaneniin ot Hero. B stom 
cnynac noTcnunaniniaa sncprna bj an m onen ctb na MCA.ny japanaMH e\ h e 2 6y- 
AeT, OHCBH.nno, paBHa nynfo 

Un = e 2 cpi(r'i 2 ) = 0, (1.66) 

TaK KaK 

<PiW 2 )^=-T- = 0. (1.67) 

r 12 

n P H nepeHoce japana e 2 H3 6ecKOHeHHocTH b TOHKy N 2 , naxonainyioca Ha pac- 
CToaHHH r 12 (r1 2 ^ oo) ot nepBoro 3apana e\, BHeuiHen chuoh npoTHB chji nona 
oy.TCT coBepmeHa pa6oTa 

An = e 2 [cpi(r 12 ) - fpi(r' 12 )] = e 2 <Pi(n 2 ), (1.68) 

PTC cpi(r 12 ) - noTeHHHan nona ot japana e, b tohkc naxoA.Tcnna japana e 2 . Ecnn 
ocTaBHTB b cocToaHHH noKoa japan e 2 , a japan e \ nepeHocuTb H3 6ecKOHeHHocTH 
b TOHKy Ni, naxonainyioca Ha paccToaHUH r ]2 (r 2 i = r i2 ) ot japana e 2 , to ana pa- 
6otbi^4 2 j mtokho 3anncaTb 
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A 2i = e,(p 2 (r 2 i), (1.69) 

npHHeM 

A 2l =A u . (1.70) 

Ilpn o,TiioBpc\icnnoM >Ke nepeHoce m occkohchiiocth iapa.ia e \ h japa/ia e 2 b 
tohkh N\ h N 2 Ha paccTOJiHHe rn = r 2 i apyr ot apyra pa6oTa A npoTHB chji noun 
oy.TCT, ohcbh.tiio, paBHa 


A = ~ e 2 < Pl( r l 2 ) + “ e 1 < P 2 ( r 2 1 ) • 

PaDOTy A (1.71) mo>kho npc/iCTaBHTB eme b bh.tc 


2 


e 2 e l 


+ - 


e i e 


A 


l e 2 


(1.71) 


(1.72) 


V A 12 '21 J 

Tax KaK nocjie c6nH»ceHHa 3apa^Bi e \ u e 2 yzjep>KHBaioTCfl BHeniHeM chjioh b co- 
ctoahhh noicofl, to jxim noTemjHajiBHOH OHeprmi B3aHMO^eHCTBHa U £Byx 3apa- 
JXOB C \ H e 2 MO)KHO 3anHCaTB 


jj = A = ^~, (r = r n = r n ). (1.73) 

r 

TaKHM o6pa30M, lip IT HeH3MeHHOM paC'CTWHIHH MCVK.Ty TOHCHIIBIMH 3apa,xa\in e\ 
H e 2 H npH HeH3MGHHOH BeJIHHHHe 3THX iapfl/lOB. nOTeHHIiajIBHail JIlCpriTH B3aH- 
Mo^eHCTBM U (1.73) MOK.xy iapa.xavm e\ h e 2 HBiuieTCfl bgjihhhhoh nocTOHimoii. 

npoBe/ic\i aHanH3 noJiy'icniiBix cooTiiomcniiii aim sHepriin B3a hmo.tc il ct - 
bim ;iByx noKoamuxca tjicktphhcckhx sapa/ioB. H3 (1.71) h (1.73) cJicpryeT, hto 
ecnH o.tiiii H3 B3 a 11 mo.tc il ct By 101 h it x Tapa/ioB, HanpHMep Tapa/i e 2 , ttbuhctcti He 
ToneHHBiM, a npc/iCTaBJUicT co6oh TapHVKCimyio aficpy pa.THyca r 2 (r 2 < r ]2 ), to 
noTeHUHajiBHaa SHepraa bt a it m o.tc il ct b h a U' TOHCHiioro japa/ia e\ c iictohch- 
hbim iapji.TOM e 2 TaioKe oy.TCT paBHa 

U' u =e^ 2 (r 2l ) = ^ = U. (1.74) 

r 2l 

3KBHBaneHTH0CTi> 3Ta ooyc-TOB.Teiia TeM, hto noTciiimaa cpS Tapa’/Kcnnoii aficpBi 
c nenpcpBiBiio pacnpe.TC-TCiiiiBiM Ha Heir japa/iOM e 2 Ha paccTosnmn r 2l ot ncmpa 
cijiepBi 3KBHBaneHTeH noTeHunany 9? To'ie'iiioro iapa/ia e 2 , naxo/iamcrocfl b 
neiiTpe ajiepBi [11, 12] bbh.tv 3 k b it Ba jt c iit 11 0 ct it 3jieKTpiiHecKHx iiojich jtitx 
iapa.TOB Ha paccTOJTHHJix r, oohbiiihx pa.THyca r 2 TapHVKCimoii aficpBi. IlpiTHeM, 
noTeHiTHajibHaa Tncpnia b 3 a it m o.t c il c t b it h U' m OK/iy japa/raviiT e\ it e 2 oy.TCT 
ocTaBaTtca HeH3MeHHoir ,Ta>KC b tom cnynae, ecnn BenHHHHy pa.THyca r 2 iapa- 
>KeHHOH cijiepBi c aapa.TOM e 2 .tobccth .to pa3MepoB paccTOflHHS r 2x mOK/ iy iapji- 
pjaMH e 2 it e\. O/inaKO npn /TajiBiieiimeM yBenHHeHiiH pa3MepoB 3apa>Kcimoii 
aficpBi, Kor.ua paccToaimc r l2 Tapa/ia e\ .to neiiTpa iapnAcinioiT a])cpBi oy.TCT 
MeHBHie pa.THyca R 2 ajiepBi ( r \ 2 < R 2 ), CKa3aTi> hto-hh 6 o onpc.Tcaciiiioro 06 
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SHepraii BaaHMO/icHCTBH!-! If lapanoB H3 3anncn (1.71), (1-73) OKa3tiBaeTca ynce 
3aTpy/inHTcn b n bi m . C on noil CTopoiiBi, sneKipuHecKoe none E BHyTpn caJicpBi 
pannyca R 2 ot aapnna e 2 , cornaciro ycnoBiia TeopeMti OcTporpancKoro - Taycca, 
paBHO Hynio, n b 3a mm 0 . 3 c il ct b ne japnna e\ c sneRTpunecKHM rioncM aapnna e 2 
nonncHo oTcyTCTBOBaTB, Mencny TeM KaK, c npyroii cTopoHBi, noTcnniian B JIIO- 
6011 to'ikc BHyipn ccjiepBi c iapnnoM e 2 othochtcjibho occkoiiciiiocth He MonceT 
6bitb nononceH paBHBiM Hynio. TaK KaK up 11 nepeHoce iapnna e, m3 mo6oii tohkh 
BHyTpn 3apn>Kcimoii ccjiepBi c iapnnoM e 2 Ha occkoiichiioctb npoiBBoniiTcn onua 
h Ta nee pa6oTa 


A = ew 2 (R 2 ) = 


£1£2. 

R , 


(1.75) 


to ncooxomiMO 3aicniOHHTB, hto noTeHunan (p 2 (/? 2 J mo6on tohkh BHyTpn 3apn- 
nceHHOH c(])cpBi pannyca R 2 hbhhctch BemiHHHOH neHiMcnnoii h paBHoii 

92 ( r ) r <R, = 92 (^ 2 ) = const. (1.76) 


CooTBeTCTBeHHO, h noTcnuHauBnan jncpma BiaHMonciicTBua If MCVK/iy 3apn- 
naMH e\ h e 2 oyneT paBHa 


U'n =Ai =-^- = const. (1.77) 

H 3 (1.77) /inn to'ick BHyTpii aficpBi pannyca R 2 ncnocpcncTBcnno cnenycT 

F = -grad U(r) = 0. (1.78) 

TeM He MeHee, H3 cpaBHeHim (1.71), (1.73) 11 (1.77), moikho ycTaHOBHTB 

U'niRi) < U(r i 2 ), (1.79) 

hto rioTcniuranBiian aneprun BiaHMonciicTBiin U' I2 (R 2 ) Mencny aapnnoM e\ 11 3 a- 
pnnovi e 2 lapnvKcimoii ccjiepBi yMciiBinacTcn npn yBenHHeHiin pannyca ccjiepBi R 2 
(R 2 > r l2 ) 11 HeH3MeHHOM paccTonHiiii r u MC/K'ny lapnnovi e\ 11 pempoM ciJicpBi. C 

(J)H3HHeCKOH TOHKH ipCHHH, 3TOT (JiaKT MO'/KCT 6BITB HCTOnKOBaH TeM, HTO npil 
yBeniiHeHiiii pa3MepoB iapn>Kcimoii ctficpBi c lapnnovt e 2 b sncKTpuHCCKOM none 
lapnna e\ 6yneT BBiCBoOoncnaTBcn noTenmiajibnan jncpriin b 3 a hm one ii ct b h h . 
paBiian paHee 3aTpaHeHHon pa6oTe Ha cOnHnceHiie lapnnoB e\ 11 e 2 . B nacTHOM 
cnynae npn R 2 = 00 nnn noTeHiinanBHOH oneprim BiaiiMonciicTBun sapnnoB e\ 11 
e 2 nonyHHM 


U' n (R 2 ) = e m (R 2 ) = ^ = 0. (1.80) 

r 2 

PaccMOTpiiM Tenepn oopaTiioc B3aHMononcTBiie ncTOHcnioro lapnna e 2 c 
ToneHHBiM lapnnovt e 2 . IlycTB iapnn e 2 npcncTaanncT co6oh lapnnccimyio a])cpy 
pannyca r 2 (r 2 < r 12 ), naxonnmyiocn Ha paccTonnim r ]2 ot lapnna e, (puc. 10). 
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J\tm onpeaeneHiM SHepnin b 3 a \\ mo.tc ii ct bh h U paBHOMepHO pacnpe/icucn- 
Horo no noBepxHocTH c<])cpi>i japa/ia e 2 c 3apsi/ioM e\ hcooxo/ihmo. ohcbh/iiio. 



onpeaenHTB BenHHHHy noTcnniiajia (pi(r' 12 ) ot lapa/ia e\ b TOHicax Ha noBepxHO- 
cth c(J)epi.i pa^nyca r 2 

( Pi(n , 2) = -T-- (1-81) 

hi 

IlpHHHMaH bo BHHMaHne, hto noBcpxnocTiiaH nnoTHOCTt lapa/ia Ha ccjjepe paBHa 



to Ha noBepxHocTH dS sjieMeHTapHoro mapoBoro caos 

dS = 2nr 2 sin 9 d(p 

OyTCT COCpCHOTOHCII 3JieMeHTapHBIH SJieKTpHHeCKHH japa/i dei. paBHBIH 


(1.82) 

(1.83) 


de 2 = p dS = 


2 


e 2 sin cp d(. p. 


(1.84) 


Tax Kax noTeHunaji cpi(r' 12 ) (1.81) zuia ToneK mapoBoro cjioh h3boctoh, to zura 
3HeprnH BaanMopciicTBua sneMeHTapHoro lapa/ia de 2 c sapa/ioM e 2 mtokho 3ami- 
caTb 


dU' 2l = (pj (r 12 )<iej = 


— sin tp dq>. 
2 r n 


(1.85) 


Bbipaacaa r\ 2 ncpci CTopoHti /'12 h r 2 (puc. 3) 

r/ 2 = yjr? 2 +r? -2r 12 r 2 cos(p . (1.86) 

aim nonHOH SHepniii b3 a 11 m o/ic ii c t b h a U' 2 \ aapspia e 2 c sapa/iovr e\ 6y/iCM hmctb 
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du’ lx = ^£l 
2 


sincpt/cp 


o yf r n + r 2 - 2r 12 r 2 coscp 


(1.87) 


npon3BojiH b (1.87) noACTaHOBKy cos (p = t, -sin q?c/q> = dt h nonaraa 
r 12 + r 2 =b , -2r u r 2 = a, nonyHHM 

- e -^4b- 


dU' 2 \ = - 


e 2 e \ 


dt 


4b 


> + at 


+ at 


( 1 . 88 ) 


TO eCTB 


dU’ 2 i =—— {^b + a -Jb-a) . 
a 

no^CTaBJiaa BMecTO a h b hx 3HaneHHB:, Haxo^HM 

dU' 21 = (V r 12 + 2/ 'l2'2 + r 2 - V r 12 - 2r 12^2 + *F) = 


2 r 12 r 2 


(1.89) 


= ^ ?f! -[('l2+'2)-('l2-'2)] = — • (1-90) 

2 r 12 r 2 r 12 

H 3 (1.90) cuc/iycT. hto SHeprua b 3a hm 03 cii ctbh n J/ 2 i 3apH>Kcimoii cfjjepBi e 2 c 
3apsflOM ei, naxo.iJimuMCH Ha paccTOflinm r 2 ot nciiTpa cfjjepBi, He 3aBHCHT ot 
B enHHHHti pa.inyca ctfiepBi r 2 npn ycnoBHH r 2 < r ]2 h tovk^cctbciiiio paBHa 3Hep- 
thh b 3a hm 03 c ii c t b h m 1/ (1.73). J[nn cnynaa r 2 = /? 2 n R 2 > r i2 , BTopon pa/iHKaji b 
BBipa>KeHHH (1.90) IICOOXO.IHMO 3anHCaTi> b bi-tic 

±J(r l2 -R 2 ) 2 =±(r l2 -R 2 ). (1.91) 

B 3 tom cnynae 33 a xnepxxm bx a m m o 3 c ii c x b h a U' 2 \(R 2 ) xapavKeimoii cfJicpBi e 2 c 
ToneHHBiM iapa.xoM e\ Gyaevr hmctb 

dU 2 i (R 2 ) = -^-[(r l2 + 7? 2 ) - (r 12 - * 2 )] = ^-, (1.92) 

2>'\ 2 R 2 R 2 

hto cooTBeTCTByeT (1.77). B npox hbohojitokhogtb (1.90), H3 (1.92) c-xc,xycT, hto 
npn ycJiOBHH R 2 > X| 2 xnepxxia b 3 a hm 03 c ii c t b h a U' 2 \(R 2 ) japavKcimoii ctfiepBi 
pa/nxyca R 2 c tohchhbim sapa.TOM e\ He 3aBHCHT ot paccToaima r l2 Mcaciy xapa- 
,XOM g| h neiiTpoM japavKcimoii cc[)epBi, a onpe3exiaeTca tojibko hhhib pa3MepaMH 
R 2 3apavKcimoii c<})epBi iapa.xa e 2 . 

H3BecxHO [5], Kox.xa sHeprua B3 a h m 03 c ii ctbh a U sapa.xoB e\ h e 2 paccMaT- 
pHBaeTca b BHfle (1.73), (1.74) h (1.90), to sto mohcct 6 bitb cjjopiviajiBHo hctoji- 

KOBaHO KaK SIiepXHH BiaHMO.XCiiCTBHH Ha paCCTOJfflHIl iapH.XOB e\ H e 2 H HTO BCa 
xnepxna b 3 a hm 03 ciic tbii a U MCVK.xy Tapa.Tavm cocpe30TOHena toubko b caMHX 
3apa,xax C] h e 2 . llpix stom OKpyvKawmeviy 3apa3Bi npocTpaHCTBy otbo.xhtch 
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pout HeKOH MCxaim'iccKOH cbsl3u, nepe/iaioiueil ycHnne ot o/inoro Bapn/ia k 
apyroMy h Hao6opoT. IlpuneM, BemimiHa ycHnun b pac'c\iaTp hB acMoil tohkc 
onpcncnncTcn, cooTBeTCTBeHHo, BemiHHHOH nanpH>KcimocTH ajieKTpuHecKoro 
nona b /lairnoii tohkc. O/iiraKO cnynaH (1.77) h (1.92), Korna paccMaTpiiBaeTca 
B3aHMoaeilcTBHe tohchhoto japn/ia c 3apH>KciiiioH c(])cpoii pa/inyca R 2 , OKaabi- 
BaioTcn HecKontKO o6oco6neHHbiMH b tom OTnomciiim. mto H3 hhx cnc/iycT 
B03M0>KH0CTi> noKajiH3au,HH 3HepriiH B3aHMO,TCHCTBH!-i MOK.Ty 3apn/ia\m e\ H e 2 
He TOUBKO B OOTiCMC CaMHX B3aHMO,TCiiCTByIOmHX iapa.TOB. HO H B OKpy>KaiOmeM 
hx npocTpaHCTBe. B 'iacTiiocTH, Kor.ua japn/i e\ naxo/WTcn. HanpHMep, BHyTpn 
3apa>KeHHOH cijiepbi pa/inyca R 2 , to bo3mo>khocti> b 3a hmo/ic li ct b h h iapn/ia e 2 
ccjicpBi c iapa.TOM e A Brionne OHCBH/ina, Tax KaK 3apan e 2 ajiepbi pa/inyca R 2 npo- 
HH3tiBaeTca s.tcktpihicckhm non cm E\ sapa/ia e\, T.e. 3ncMciiTbi sapn/ia e 2 cijiepbi 
pa/inyca R 2 naxo/iHTca b 3neKTpiiHecKOM none E\ sapn/ia e\ (puc. 11) 


k 



h MOK'ny lapn/iaMH e h e 2 cyMMapnaa noTcniiHajibnaa sncprua BianMO/iCHCTBiia 
U He paBHa Hynio: 

dU 21 =^*0. (1.93) 

-“2 

B to ace Bpevin. ecnn paccMaTpHBaTb b3 a hm o/ic ii c t b h e lapn/ia e\ c aapa/ioM cc[)c- 

pbl e 2 , TO B 3 aHMO,TCiiCTBHC 3 TO, Ka 3 ajIOCB 6 bl, AOJDKHO OTCyTCTBOBaTb, TaK KaK B 
MecTe naxovK.Teniia japan a e\ nanpnvKcimocTb sneRTpunecKoro noun ot aapnna 
e 2 cijiepbi paBHa Hynio. O.iiiaKO, b npocTpaHCTBe BHe ajiepbi pannyca R 2 sjtck- 
TpunecKoe none E\ japn.na e\ ripoiiHjbiBacTca sneRTpimecKHM noneM E 2 aapnna 
e 2 3 apn>KcimoH ccjiepbi, h bobmovkiioctb npnMoro BjaiiMonciicTBun MOK.ny 3 ncK- 
TpunecKHMH nonnMH E 2 \\E\ He HCKmonaeTcn. Hunce oy.TCT noKa 3 aHO, hto TaKoe 
B 3 aHMoaencTBHe MOKny 3 ncKTpn hock h mii nonnMH E 2 n E l ot japnnoB e 2 h e\ 
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^eHCTBHTeUBHO B03M0)KH0, H B3aH M0,1C H CT B H C 3TO JI0KajIH30BaH0 KaK pa3 BO 
BceM npocTpaHCTBe bho o6i.eMa cejiepBi pa/inyca R. Cnc/iOBaTcnBiio, Henb3a 
nOJIHOCTBK) COmaCHTBCa C H3BCCTIIBIM npC/ICTaBJICniieM [5], HTO H3 (JiyilKUHO- 
HajiBHtix 3aBHCHM0CTeH (1.73), (1.74), (1.90) h (1.77), (1.92), BBipaaceHHBix 
toubko 'icpca xapaKTcpHCTHKH aapa/iOB e\ h e 2 , hobo3mo>kho c^enaTB nenocpe/i- 
CTBeHHBIH BBIBOA O JTOKajIH3ai[HH SHepTHH B3a H MO/IC M C T BII U MC/K/iy 3ap3,ia\IH 
e\ n e 2 BHe o6BeMa, 3aHHMaeMoro caMHMii 3apa/iaMH. 

Onpe/icmiM 3Heprnio pe3ynBTnpyiomero sneRTpiinecKoro nona E 0 chctombi 
H3 ,iByx ToneHHBix o/inoHMCimBix iapa/iOB e\ h e 2 cornacHO H3BecTHOH 3aBncn 
mocth (1.12). YnuTBiBaa, hto aim pe3ynBTnpyiomero sneKTpiiHecKoro nona E 0 
mo /Kilo 3anncaTB 

E 0 = Ej + E 2 , (1.94) 

h no^CTaBJiaa (1.94) b (1.12), nonynnM [5] 

=^-[Eldv = f(E, + Eprfv = 

%7t J 8x J 

V V 


12 1 

— \E[dv-\ -[EjE 2 6?vh- \E;dv. (1.95) 

8/r J 8 x J 8x J 

V V V 


H 3 (1.95) cne^yeT, hto non nan jncpnin pe3ynBTnpyiomero sneKTpn'iccKoro no¬ 
na E 0 OKaBBiBacTCH cocTWimeii m 3-x anepn-iii. H 3 jncprun IF, sncKTpn'iccKoro 
nona E nepBoro iapn.ia e, (KaK 6y/iTO 6 bi npn stom iapm e 2 boooiiic OTcyTCT- 
ByeT) 



V 





(1.96) 


H 3 3HeprHH W 2 sneKTpuHecKoro nona E 2 BToporo lapa/ia e 2 (ripn aHajiomHHOM 
npe/inoJio’/Kcniiii othochtojibho nepBoro lapa/ia e\) 


W 2 =— [Eldv=^- 
8jiJ 2 r 2 


(1.97) 


H H3 3Heprnn W\ 2 h 1F 2 , BaanMoncncTBiia sncKTpn'iccKoro nona E, nepBoro 3a- 
pana e\ c sncKTpiniccKHM noneM E 2 BToporo iapa/ia e 2 n naooopoT 


w i2 = ^J(E 1 ■E 2 )dv = -^-jE 1 E 2 cos(pdv, 

V V 

W 2 1 = ^J( E 2 ■E 1 )dv = -^-jE 2 E l cos(pdv. 


(1.98) 


(1.99) 
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npn'icM. 3amicn (1.98), (1.99) cneayeT noimviaTb b tom CMticne, hto incprna 
B3aHMoaeilcTBiM 3JicKTpH i iccKHx lionet E| h E 2 b 3JieMeHTapHOM oOteMe 5v 
nponopmioHajiBHa CKanapHOMy nponiBC/icnnio BeKTopoB 3JieKTpiiHecKoro nona 
Ej h E 2 b 3tom ooT cmc ot o,Tnoro h /ipyroro lapa/ia. Bi>ipa>KeHHe am rioinoil 
3Heprnn Wo (1.95) pe3yni>Tnpyiomero 3JieKTpimecKoro noun E 0 motkho 3anHcaTB 
Tenept b Bime 

Wo=W 1 + W 2 + (W 1 2 +W 21 ). (1.100) 

Bbc/icm oooinanenMC U /un pe3yjiBTiipyiomeii nojnioii 3Heprnn B3an mo,ic ii ct- 
bus 3jt cKTpnn cc k nx noneil Ei h E 2 \ic>K,iy co6oil (1.98), (1.99) b bh/ic 

2 r 

u = W 12 +W 21 = — E r E 2 dv. (1.101) 

8 n J 


B stom cnynae /un iiojihoh oncprnn pe3ynBTiipyiomero TncKTpnnccKoro non 
E 0 mo>kho aanucaTB 

W 0 = W] + W 2 + U. (1.102) 

TaK KaK iapiiBi e\ h e 2 npc/inonaraioTci ToncniiBiMn, to ancprnn W\ h W 2 , co- 
raacHO (1.96), (1.97), OKaiBiBaioTca paBHBiMii Occkoiichiocth. onpcicicnin 
)Ke BCIH'IHIIBI SHepTHH BiaHMO/lCHCTBin U 3JT C KT p II 1 1 CC K II X II01 CH E| hE 2 MCVK.iy 
co6oh, paccMOTpuM CKanpnoc npoiiiBC/icnnc BCKTopoB Ei h E 2 b HeKOTopoil 
TOHKe N (puc. 12). /(jia nioooro sjicMeiiTapnoro ooi.cvta dv b npocTpaHCTBe oko- 
jio iapnoB e\ h e 2 movkiio aaniicaTB 

E! • E 2 =E\E 2 cos tp. (1.103) 

C y l iCTOM (1.103) nepeniimeM BBipavKcnnc (1.101) am ancprnn BiaiiMOiciicTBiii 
U 3-1 CKT p II l I CCKII X IIO-ICH lapfl.TOB C, 11 e 2 B BH,1C 



E x E 2 cosqxiv = 


V 


e,e 2 rcosqxiv 

471 J r{ r} 


(1.104) 


rue cp - yron \tc>K,iy painyco m-b c kt opo m ri 11 pa,inyco m-bcKT opo m r 2 . 

TaK KaK am pc3y jt bt h pyio 111 c ro 3JiCKTpn i iccKoro non E 0 ocb ciiMMeTpini cob- 
na/iacT c OTpe3KOM npiMoii r i2 , coc/iiinflioincii lapa/iBi e x 11 e 2 , to BBionpai 3a 
nana-io OTcncTa TOHKy, rue pacnono>KeH ncpBBiii iapn e\, m T-iCMCiiTapnoro 
oOteMa dv movkiio 3araicaTB 

dv = 2%r x sin y dy dr x 


(1.105) 
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Pnc. 12 


nepemimeM BBipaacemie (104) c v'ictom (105) 


U = 


e \ e 2 


II 


>i y 


cos <p sin yt/yt/r. 


(1.106) 


IlpHHHMaa BO BHHMaHHe, HTO H3 TpeyrOJIBHHKa CO CTOpOHaMH T\, r 2 II r\2 
(pile. 12 ) cncnyioT rp h rono m e Tp i-i h ec k h e paBeHCTBa 

r 2 = r \ + r n- 2r i r i2 C0S l ’ 


COS(p = 


= V 1 — sin 2 cp =^1 


= /l-4sin"y = 


r \ -r ,2 cosy 


V* 


2 +4-27^12 cosy 


rae ana sin cp cnpaBeamiBO OTHOineHne 


r n _ r 2 
sinip siny 

noatraTerpajiBHoe BBipaacemie (1.106) mo>kho npeaciaBUTB b bh/ic 
jj e \ e 2 ff ( r i - r 12 cos y) sin y dy dr x 

2 J J ( I— 2 - 3 -V ’ 

n y V r i +r i2 _2r i r i2 C0S Y 


(1.107) 


ripon iBona noacTanoBKy cos y = t, sin y d~{ = -dt n HHTerpupya no yrny y b npe- 
aenax ot y = 0 ao y = n, 6yaeM hmctb 
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( 

e l e 2 f 

r \ 

2 J 

r \ r ni r \ +r \2 — 2 ^\^\2 cosy 


V 


V r l 2 +r 12 ~ 2r \ r U C0S Y 


2r \ r n 


+ 



2 . 2 

r \ + r \2 

2r \ r \ii‘ 

r \ + r n ~ 2r \ r n cosy 


dr x . 


(1.108) 


hjih, nocne rio/iCTanoBKH npe^enoB HiiTcrpupoBaima h npcoopaaoBaima iio.tbiii- 
TerpajitHoro BBipa>Kcniia 


U = e,e 7 j^-. 


(1.109) 


Pe 3 yni>TaT (1.109) OKa 3 ancn miTcpccnBiM b tom OTiiomcniiH. hto coraacHO 
(1.101) [5] nun tohchiibix lapa.ioB e\ h e 2 oOnacTt HiiTcrpupoBaimH no r\ aoidk- 
Ha 6bitb BaaTa b npe/icnax ot 0 30 oo, TaK KaK npn koiiciiiom paccToamra r u 
MOK.iy 3 apa/ia\fH e\ h e 2 b mo6on tohkc npocTpaHCTBa OKono aapa.TOB Bcer/ia 
co6nio,naeTcn ycnoBiie E\ ± 0 h E 2 ^ 0. Ho b stom cnynae ,nnn 3Heprnn B 3 anMO- 
pcilcTBim U MC/K.ay tohohhbimh iapa.iaMH e\ n e% pacnono^KeHHBiMii Ha koiich- 
hom paccTonHini r n npyr ot ppyra. b coraacHii c (1.109), mbi nonynHM 6ecKO- 
HenHoe Hiancimc, hto He eooTBeTCTByeT paHee nailpcimoMy 3 HaHeHino anepnm 
B3aHMO ( neHCTBiM U (1.73) MOKpy .TByMH TOHeHHtiMH aapanaMU, paBHOH 


u _ fifi. (i. 110 ) 

r \2 

Eonee toto, H3 (1.74) h (1.90) cnenycT, hto ancprua b 3 a hm 03 cii ct b h a 17(1.110) 
Meayiy 3apa,ia\iH e , h e 2 ocTacTca HeH3MeHHoil 3aace b tom cnynae, ecnn 03 hii H3 
aapanoB. HanpuMep 3apan e\, npcnnonaracTca He tohchiibim, a pacnpc3cneimi>iM 
no cijicpc pa.THyca R } < r l2 , mok.bv TeM KaK H3 (1.109) cnenyeT bbibop o 3aBHCH- 
mocth 3HeprHH Baai-iMopciicTBua U MC/Kpy 3apsaaMH e h e 2 b 3tom cnynae ot 
pa3MepoB aapana e\. /(na cnynaa R\ = r n , npHHHMaa bo BHHMaHHe, hto ancKTpii- 
necKoe none E\ BHyTpn c(j)epi.i pannyca R\ = r n paBHO Hynio, cornacHO (1.101), 
HHTerpan (1.109) b npea,enax ot 73 = 0 30 73 = r [2 TaioKe 6yneT paBeH Hynio, TaK 
KaK oy/iCT paBHO Hynio nonBiiiTcrpanBiioc BtipaaceHiie. CncnoBaTcnimo, b stom 
eniiHCTBeHHOM cnynae, nna ancpn-m b 3 a h mo.tc h ct b h a U aneRTpunecKiix noneil 
aapanoB e\ n e 2 Btipaacemie (109) ripmiHMacT bhh 


U 


OO 



g|g 2 

r n 


’12 


(1.111) 
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hto cooTBeTCTByeT y>Ke (1.110). O.maKo, ecnn b (1.111) nonoaciiTB, hto HeTo- 
HeHHBIM iapa.lOM HBJTHCTCH He 3ap 6\, a 3ap fia ei, TO (bBH.TV TOTO, HTO HHTer- 
pupoBaHHe npoBo.iHTCH no nepeMennoil r —>• 0) mbi bhobb npiixoanvi k 6ecico- 
HeHHBiM siiaHcnnavi ana 3Hepniii B3 a m m o.tc il ct b h a U MOK'ay a By via KOHeHHBiMii 
no BenHHnHe japanaviH e\ n e 2 , hto He cooTBeTCTByeT ac h ct b ht cn b n o c t h. TaKHM 
o6pa30M, H3 CKa3aHHoro BBime viokiio caenaTB bbibo.t, hto ecnn paccMaTpnBa- 
CTca B3anMoaencTBne /iByx iapaaoB e t n e 2 , iiaxoaamuxca Ha HeH3MeHHOM apyr 
ot npyra paccToanini r ]2 , to, hto6bi nonyHHTB ana 3HepriiH BianvioacHCTBua U 
3thx iapaaoB eooTBeTCTBue c aciicTBUTCJibiioil aiicprucn BBaHvioaciicTBua U 
(1.110), iicooxoai-iMo, BHe 3aBHCHM0CTH ot pa3MepoB iapaaoB r 0 i h r 0 2 (npn yc- 
jiobhh r 0 i + roa < ^ 12 ), oOnacTB HHTerpiipoBaHiia b (1.109) b jho6om cnynae 
orpaHHHHBaTB paccToaimcM r l2 \tc>Kay paccMaTpHBaeMBiMH lapaaavin, T.e. 


U 


OO 



( 1 . 112 ) 


3to cooTBeTCTByeT TOMy, hto ecnn b (1.112) nHTerpupoBaHHe npoBoai-iTB no 
nepeMeHHoil r ]2 (puc. 13), to b 3 a hm oa e ii c t b h e MC>Kay aneiapHHecKHMH rionavm 
E\ h E 2 iicooxoanvio npHHHMaTB He paBHBiM Hynio toubko b TOHKax npocTpaH- 
CTBa BHe oobc via cijicpBi paanyca r l2 , vic>Kay TeM KaK b 3 a 11 vi oa c ii c t b h c vic>K'ay 
HepaBHBiMH Hynio aneRTpunecKHMH nonaMii E\ h E' 2 nan E"\ h E " 2 BHyTpn ccjje- 
pBi paanyca r ]2 , no iienoimiioH, c c})H3HHecKOH tohkh ipeima. npuHHHe, Heo6- 
xoaHMO noaoacHTB paBHBiM Hynio. CuTyaima OKa3BiBacTca eme 6onee CTpaHHOH, 



Phc. 13 
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ecnn b (1.112) HiiTcrpupoBaimc npoBO/uiTB no nepeMeHHOH r 2 . B otom cnynae 
ansi ircKOTopBix tohck npocTpaHCTBa BHyTpn ccjiepbi pa/inyca R 2 = r t2 , b KOToptix 
B3anMoaencTBne MC>K/iy bjicktphhcckhmh iiojhimh E'\ h E" 2 6bijio nono)KeHO 
paBHBIM HyjIK), HCOOXO/1HMO /lOnyCTHTB TCnCpB CymCCTBOBailHC TaKOrO B3aHMO- 
^encTBiM. Kax bh/hio H3 paccMOTpeHHoro, /ia>Kc c hhcto noneBoil tohkh 3peHiisi 
(1.12), (1.101) HHTepnpeTaniM sHeprim b 3a n m on c ii c t b ii >i U MOKny sneicTpiiHe- 
ckhmh 3apanaMH cBJiiana c cepbe3HBiMn jaTpy/nicnujiMn. 3to cooTBeTCTByeT 
TOMy, HTO HnTCpnpCTailHJI B3aHMO,lciiCTBHH 3JTCKTpH l ICCKHx lapanoB e\ H e 2 He- 
nocpe.iCTBCimo Hcpei hx sneiapHHecKHe nonn E\ h E 2 6e3 norionnuTcnbiibix 
/lonymcniiii TaK>KC OKasbiBacTCfl ncBOiMOVKiioil. 


5. 3HeprHa 3JieKTpHHecKoro nojia h 3HeprH5i B3aiiMouciic ibhji 
CHCT eMbi iapn ion 


OnpeaenHM ancprino sneiapiiHecKoro nonn We h 3Heprmo BiaHMO/iciicT- 
b na U cucTeMbi iapH.ioB £e,-, 3aKnK)HcnnoH b 3a/iainioM o6beMe Vo. Pacnpenene- 
Hue lapanoB e, b oobcmc Vo npcnnonaracM H3BecTHbiM. SneicTpiiHecicoe none 
E(r) cucTeMbi Y e i TOHCHiibix 3apa/i0B e,- HailncTca cornacHO (1.60) Kax 




r-r, 


•Rf 


(1.113) 


M3 (1.113) bhhho, hto nanpavR'cimocTB 3 JieKTpnHecKoro nonn E(r) He paBHa Hy- 
jiio He TonbKO b TOHKax naGmoncniui r BHyTpn oObevia Vo, 3 aHHMaeMoro ciicTe- 
moh iapa.ioB Yf-i, ho h BHe ero. Tax Kax BHyTpn OObevia Vo sneKTpiiHecKoe none 
E(r) He paBHO Hynio, to cnc/iycT O/KHTuitb, hto Ha Ka/K/iBiil BbincncniibiM lapa/i e, 
cucTeMbi Y e i nonmia ncilcTBOBaTB He paBiiaa Hynio sncKTpu'iccKaa cnna 6F ; ot 
eoocTBCimoro sncKipii'iccKoro nonn E(r) (1.113), onpenenneMan Kax 


5F,=Y^R ; , (i*j). (1.114) 

TJ r j 

Ecnn cucTeMa sncRTpii'iccKiix iapmoB Y e i coctoht H 3 sapa/ioB o/inoro Biiaxa, to 
H a Ka>K,TBiH 3 wpsia e,- cucTeMbi 6y/iCT ncilcTBOBaTB cnna 6F ; (1.114) pacTanKHBa- 
hh a, KOTopan non>Kna kom nc 11 ch poBaTben eooTBeTCTByiomeH ciinoii pcaKium 
5F' ; , ynepncHBaioiHcii cucTeMy iapmoB Y e i B 3a/iainioM o6beMe. BBi-iny toto, hto 
M e>KAy BceMH iapanaviH e, cucTeMbi £e,-, 3 aKnioHeHHOH b o6beMe Vo, /ichctbviot 
H e paBHbie Hynio cnnbi pacTanKHBaHiin 6F ; (1.114), bch cucTeMa sncKTpu'iccKHX 
iapanoB b 06bc\Tc Vo /ion>KHa HMeTb onpcnencimyio He paBHyio Hynio cooctbcii- 
Hyio BHyTpeHHioio noTeHHHanbHyio oncpriiio b 3a 11 mo.tc ii ctb 11 a W m IloTeHHH- 
anbiiaa oHeprun BBaiiMonciicTBiia W m cucTeMbi aapanoB Y e i B oGt.cmc v 0 6y/ieT 
paBHa, oneBHHHO, toh paooTC A, KOTopyio MoryT CBepimiTb BHyTpeHHiie cnnbi 
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pacTanKHBaHiM MOK/iy 3apa,ia\iH. ecJiH chjibi peaKipra, yacpvKHBaioimie hx b 
o6i.eMe Vo, noaoacHTB paBHBiMH Hyaio. noaHaa BHyrpeHHaa noTciiiiiiaabiiaa 
3HepriM BBailMO/ICIICTBHSI W m CHCTeMBI iapa.lOB Yfii, 3 aKJIFOHeHHOH B o6BeMe V, c 
yneTOM (1.73), onpejieaHTca (jiopMyaoH [1, 2, 5] 

A = w ™ (L115) 
z i k r ‘ k 

r/ic r, k - paccToaniie Meayiy 3apa,ia\in e,- h e k b o6BeMe Vq. BBipaacemie (1.115) 
ansi nonHoii BHyipeHHeH SHepnin b 3 a ii m o/ic il ct b ii a cucTeMBi iapa.ioB Yf-i MoaceT 
6bitb npcacTaBacno eme b bh.ic 

^« = ^X e,<p '’ (L116) 

i 

r/ic 9' - noTeHmian ot Bcex iapa.ioB chctgmbi, KpoMe /-ro, b tohkc naxoaoTcmia 
nocac/iiicro. 

TaKHM o6pa30M, H3 BBipaacemni (1.115), (1.116), Ka3ajiocB 6 bi, cae,nyeT, hto 
ciicTGMa 3apaaoB Yfii, 3aKJiK>HeHHaa b o6BeMe Vo, HMeeT BHyipemnoio noTcnnii- 
ajiBHyio sncprHio B3aH\io,3ciicTBiia W B3 aapanoB, KOTopaa Taicace 3aK.3toHciia b 
paccMaipuBaeMOM 3aMKHyTOM o6BeMe Vo, \ic>K,iy TeM kbk b npocTpaHCTBe BHe 
paccMaTpuBaeMoro o6BeMa Vo, r,ne aacKTpHHCCKHe iapa.ibi oTcyTCTByioT, co- 
raacHO yKa3aHHBiM cooTiiomcnnaM (1.115), (1.116), ancpnia b 3a iimo,t c ii c t b ii a 
iapa.ioB Taicace OTcyrcTByeT. O/iiiaKO, b ,ic ii c t b iit ca b i i o ct ii , annnbm , Ha nepBBra 
Biraa.i, TpuBHajiBHBiH bbibo/i, Kax 6 bijio paccMOTpeHO yace BBime ,3.3a caynaa 
cucTeMBi H3 2-x iapa.ioB. He cobccm BepHO OTpaacacT ripupo.iy aiieprmi B3aHMO- 
/IciicTBiia W m chctcmbi iapa.ioB B o 6 bcmc Vo- B 'iacTiiocTH. npHHHMaa bo 
BHHM amie, hto b npocTpaHCTBe BHe o6BeMa Vo 3acKTpnHccicoe none E 0 ot chc- 
TeMBi iapa.ioB He paBHO Hyaio h onpe.ieaacTca cy\i\ioii (1.4), T.e. 

Eo=^E ; , (1.117) 

i 

h yHHTBiBaa, hto c 3.3cKTp h' iec khm rio.3c\i E 0 CBa3aHa ancpnia 



V 


to 3Heprna BiaiiMO/iciicTBiia fV m \ie>K,3y 3acKTpnHCCKHMii noaaMH E,- cucTeMBi 
iapa.ioB Yfii OKa3BiBaeTca He paBiioii ny.3K) h b npocTpaHCTBe BHe o6BeMa v 0 . C 
yneTOM (1.117), nepenumeM (1.118) b Biijje 
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-^-\{Et+El + ... + 2E,E 
8ji J 


2 + 2EjE 3 + ... + E; 


)dv, (1.119) 


OTKyna cneAyeT, hto noJiHan SHeprroi Wo pe 3 yni>Tnpyiomero sjieiapHHecKoro 
nona E 0 cmctcmbi iapji/ioB Yfii npe/iCTaBJHieT coooii ananorn'ino (1.96), (1.97), 
(1.98), (1.99), cyMMy 3 HeprHH sjieiapHHecKHx noneil W E ot^cjibho Ka>iyjoro H 3 


aapsi/ioB e, 

W E=~^\Y, E > dV (L120) 

v i 

h cyMMy 3HeprnH B3aHMo,neHCTBHH W B3i aneKipunecKiix noneil E, n E ; - (i ^ j) 
MOK/iy co6oil 

E,* (i*j). (1.121) 

V Uj 

B (1.120) oonacTb HiiTerpupoBaima oepcTCH ot pa3MepoB o6i.eMa 6v, japa/ia e, 
,10 occkomchmocth, \ic>K,iy TeM Kax b (1.121), npHHHMan bo BHHMaHne onpe/ic- 
neHHBie BBime orpaim'ienini (1,112) Ha hiokhhh npe/icn, ooiacTB HHTerpupoBa- 
hhs oepcTci ot o6i>e\ia Av afiepBi pa/niyca r, k , rue r ik - paccTonmc MOK/iy 3apn- 
naMH e, n e k , ,io occKonc'inocTH. T.e. 

00 

e <-v v {i * j) - (L122) 

Av i’j 

B mociic/ihcm cnynae BBipa^KeHiie (1.122) ana SHepniH BBaHMO/iciicTBHsi \ic>K/iy 
BCeMH 3-1CKTpH l ICCKM M H nOJIHMH Ej H Ej CHCTeMBI iapjl.lOB Yfii OKaiBIBaCTCH T03K- 
HeCTBeHHBIM BBipa/KCMMJIM (1,115), (1.116) ,111 3HepTHH B3aM\T0,1CMCTBM>1 3api- 
Hob e, n e k CHCTeMBI Y. e i MC’/K.iy co6oil. Tax Kax /iomvcthtb cyinccTBOBanHc /ibvx 
3Heprnil B3aMMO,iCMCTBMM W B3 (1.115) h W B3 (1.122) y chctcmbi iapnoB £e, o,i- 
HOBpeMeHHO MCB03M0/KM0, H B TO >Ke BpCMH MCB03M0/KM0 HTHOpHpOBaTB peajIB- 
HOCTH CyiHCCTBOBaMMJI 3JICKTpHHCCKOrO MOIMI E 0 BHe o6l.eMa Vo CHCTeMBI 3apn- 
AOB Yfii, to npn onpeicieniiii sHepriin B3aM\io,iciicTBMJi W B3 chctcmbi iapnoB 
Yfii cic.iycT oT.iaTB npe.ino'iTeniie BBipa>KeHHio (1.122), KOTopoe, c ([hvimhcckoh 
tohkh 3peHH5i, 6onee /iccTOBcpno OTpaacaeT o6nacTB i0KaiM3anMH snepniH 
B3aHMOneHCTBHn. BBipa’A'cniui >Ke (1.115), (1.116) cnc/iycT paccMaTpiiBaTB Kax 
(JiopMajiBHBie cooTHomeHiui, HMeiomne orpann'iennyio npuMeHHMOCTB. 

PaccMorpiiM HcnonB3yeMBiH b nHTepaType [1,2,5] nepexo/i ot cjjopMynbi 
(1.115) k (1.118). nepexo/w ot /iHCKpcTnoro pacnpeaeneHun lapa/ioB b o6bcmc 
V o k HenpepBiBHOMy, BBipa)KeHHe (1.116) movkiio nepenucaTB, Kasanocb 6 bi, b 
3KBHBajieHTHOM BH/1C 
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K,=^l P ( r )<p</v=AJj£^eYA rf v'. (U23) 

V,. v 0 v 0 

Kaacymaaca SKBi-majicm tioctb (1.115), (1.116) h (1.123) Jienco y c t a 11 a b n h b a e t c a 
Hcno.rib’iOBanHCM (])op\(ajiBiioro cooTiiomcniiH bh/ui [2] 

p(r) = ^ g< 8 (r-r'), (U24) 

i 

no/iCTaHOBKa KOToporo b (1.123) cpa3y ace /iacT 

K, =|E e 'j 5(r “ r >^ =|2 e ' v • (125) 

i i 

O/liiaKO, b npoTHBonoJiomiocTB (1.118), o 6 nacTb iiiiTcrpupoBaniia b (1.123) 
npiniHMacTCfl paBHoil Vo, a He Gcckoiichiiocth, TaK KaK BHe o 6 i>eMa Vo HHTerpaji 
(1.123) oopamaeTca b Hynt bbh.iv Toro, hto BHe o 6 i>eMa Vo ruiOTHOCTb japa/ia 
p(r) = 0. TaKHM o6pa30M, 3 kb m b an c i i t i ioct b (1.115) h (1.118) OKaaBiBacTca, Bpo- 
,ic obi. ycTaHOBJieHHOH, ho, TeM He MeHee, HecMOTpa Ha to, hto Bbipaacemie 
(1.123) nonyneHO, Ka'ianocB obi, iiocjic/iob aTc,i bitbim ncpcxo.iOM ot (1.115) k 
( 1.118), 3KBHBajieHTHocTii Meayjy 3Hepni5iMH W B 3 (1.115) h (1.123) yace He cy- 
mecTByeT. OoycnoBJiciio sto, npc>K,ic Bcero, TeM, hto iioTcimHan cp' b npoii3- 
BOJIbHOH TOHKe OT CHCTCMBI .IHCKpCTIlBIX iapa.TOB BOOOIUC-TO He 3KBHBajieH- 
TeH noTeHU,Hajiy (p npn iicnpcpBiBiiovi pacnpe/icjicimii jthx ace iapa/ioB e, b oob- 
eMe v 0 . KpoMe toto, caM no ce 6 e npouccc iicnpcpBiBiioro pacnpe/icneima 3apa- 
Hob e, no 3JieMeHTapHOMy o 6 beMy 6 v, H3 iicpBoiiaHanBHoro .incKpcTiioro, boo 6 - 
iiic-to„ioh>k'cii obitb cBaaan eme h c bbi/icjiciihcm ancpri-m sjieKTpiiHecKoro no- 
Jia, KOTopaa, npn BBimenpiiBe/iciiiiOM ncpcxo.ic ot (1.115), (1.116) k (1.123), 
npocTO HCKJiioHaeTca H3 paccMOTpeHna. Htoobi noKa3aTb sto, BocnonBsycMca 
ypaBHefflieM (1.48) 



p( r ) = —— divE 0 

4t r 

(1.126) 

h npeo6pa3yeM (1.123) k BHjxy 



Ks =— J<pdivE 0 c/v. 

(1.127) 

Tax KaK 

v 0 



div (<pE) = E grad (p + tp div E 

(1.128) 

HJIH 




(p div E = div (<pE) - E grad <p, 

(1.129) 


to am Bbipaacemia (1.123), aHanorHHHO [1, 2], movkiio aanucaTB 
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W’ Vi = — j*div((pE 0 )<iv-|*E 0 grad(pt/v 

8n J J 


(1.130) 


IlpHHHMaa bo BHHMaHHe (1.52), BTopoii HHTerpan movkiio npe/rcTaBiiTB b bit/tc 


-1E 0 gradtp dv = |(E 0 • E 0 )t/v = |£ 0 2 


(1.131) 


IlepBBiH HHTerpan npeoopaayeTCfl cornacHO TeopeMe OcTpo rpa/rc koto - Taycca 
Jdiv((pE 0 )<iv = (^(pt/vEot/S , (1.132) 


rpe ,S'o - noBepxHOCTt, orpaim l iHBaioman o6i>eM Vo. noncTaBnaa (1.131), (1.132) 
b (1.130), 6 yneM HMen. 


w; 3 = — 

83 8 71 


^E 2 0 dv+^E 0 ds = w; 3l + w; 3: 


(1.133) 


B cny'iac Koiiciiioro pa3Mepa oOteMa Vo KaK nepBtiH, Tax h BTopori HHTerpan 
(1.133) He paBiiBi Hynro. Jinn ouciikh BBrpavrceHHa (1.133), paccMOTpriM crrcTeMy 
3apn/roB Y e r paBHOMepHo pacnpcncncimyio b crjrepHHecKOM oOteMe v 0 paniryca 
R 0 c ODBC\moil nnoTHOCTBto p 0 . Ilonaraa HanpaaceHHOCTb anerapriHecrcoro nona 
E 0 BHyTprr oOteMa Vo paBHorr 


E o =-ro'Po 


(1.134) 


h, cooTBeTCTBeHHo, noTeHijHaji cp Ha c(])epHHecKOH noBepxHocTH So pa^Hyca Ro 
paBHBIM 


(P = y^oPo: 


nna riicpnrir W B3 (1.133) movkiio naiiTir 


r< _ 8jr Po tA dr { 


(1.135) 


dS=-n 2 p 2 0 R 5 0 +-n 2 p 2 0 R 5 0 . (1.136) 


IlpHHHMaa BO BHHMaHHe, HTO 


; nR oPo=2^ ei = ^° ’ 


nna (1.136) OKOii'iaTciibito movkiio 3anncaTb 


K = Ki +K 2 

3 3 - 10 2 R n 


(1.137) 


(1.138) 
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H 3 (1.133) h (1.138) bh.iiio. hto BTopoil nneH 3Heprnn W„, - SHepraa W m2 , paB- 


1F b ' 52 = — UE 0 dS = -^L, 


(1.139) 


no BennHHHe npeacTaBnaeT co6oil hh hto HHoe, KaK 3Heprnio BHenraero aneK- 
TpunecKoro nona E 0 chctcmbi 3apaaOB £e,-, noKanH30BaHHoro bho o6t>CMa Vq, T.e. 


= E 2 dv = ^, 


(1.140) 


a He 3Heprnio B3aHMoaeilcTBHa W m (1.115), (1.116). J\a h apyroil HJieH W B 3 i 
BBipaacemia (1.138), connaciro (1.133), npencTaBJHicT co6oil, oimtb ace, ancpruio 
3JieKTpnHecKoro nona E 0 , noKann30BaHHoro yace BHyipn o6teMa Vo, T.e. 


W’, =—\Eldv = —^-. 


(1.141) 


TaKHM o6pa30M, nonyneHHoe nepexoaoM ot (1.115) k (1.133) BBipa>KeHHe 
ana SHepraii “b3 a hm oacilc tb na'’ IV',,, (1.138) npeacTaBnaeT co6oil yace He 3Hep- 
thk) b3 a mm one hctbh> i W B3 (1.115), (1.116), a, Ka3ajioct 6 bi, SHeprmo pe3ynbTH- 
pyiomero aneKTpnHecKoro nona E 0 CHCTeMBi 3apaaoB £e f , jioKajiH30BaHHyio KaK 
BHe, TaK h BHyTpn o6i.eMa Vo- OaiiaKO conocTaBneHne ancpn-m W'„, (1.133), 
(1.138) c sHepruei! Wo (1.118) pe3ynbTHpyiomero aneRTpunecKoro nona E 0 chc- 
TeMbi 3apaaoB Xy 


W 0 = — 
8 a 


JI* 


, 2 dv + — 
8k . 


' E E . dv = 1 Q() +W H . 
' ' 1 2N r 0 


(1.142) 


o6Hapy>KHBaeT, hto Bbipaacemia (1.133), (1.138) He OTpaacaioT co6oil h ancpn-m 
pcaynbTHpyiomcro ancKTpiiHCCKoro nona E 0 CHCTeMBi 3apaaoB £e,. TonbKO 
nnuib b nacTHOM cnynae, Koraa Bee 3apaati CHCTeMBi £e, paBHOMepHO pacnpeae- 
neHbi Ha noBepxHOCTii c(])epH'iccKoro o6i>eMa Vo pannyca R 0 , ana ancprn h B3an- 
MoaencTBua W B3 (1.115) h aHeprun W m (1.133) MoacHO 3anncaTb 




e i<P =■ 


(1.143) 


w; 3 = — h<pE 0 dS = -¥- 


(1.144) 
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(nepBtiH HHTerpan b (1.133) paBeH Hynio, TaK KaK BHyTpii o6i>eMa v sneKipime- 
CKoe none E = 0). Oncyfla cnc/iycT cjmpManiman aanncb 

W m =W m . (1.145) 

O.niaKO b 3 tom cnynae 'jneprwi W B3 (1.143) OKa3biBaeTcn paBiioil ynce n SHeprrai 
Wo (1.118) pe3yin>THpyiomero sneKTpmecKoro noun E 0 chctcmbi iapa/ioB 

00 2 

W Q =^\Eldv = \^. (1.146) 

8ti J 2 Rq 

v 0 


B pa6oTe [5] npn nepexoae ot (1.115), (1.116) k (1.118) b BBipaTKemm (1.133), c 
MaTeMaTunecKon tohkh ipeniw. Heo6ocHOBaHHO npc/yraracTca oonacTb HHTer- 
piipoBamin pacnpocTpaHHTb Ha Bee npoeipaHCTBO BHe o6i>eMa v, T.e. HHTerpn- 
poBaHne npoBo.iHTB no “noiraoMy nonio”, Kopija o6nacTb HHTerpiipoBamin v 
oxBaTBiBaeT KaK Bee B3an mo/ic ii ctB y io m hc iapa/ibi, TaK n Bee sjtcktph'icckoc 
none sthx sapnnoB. npn HHTerpnpoBaHHH no “nonHOMy nonio” BbipanceHne 
(1.133) cBonnTcn k npocTenmeMy Biiny 

CO 

K 3 =^\ e Uv, (1.147) 

Sv 

TaK KaK BTopoil HHTerpan npn HHTerpnpoBaHHH no noBepxHOCTH S occkoiichiio- 
ro o6i.eMa v o6pamaeTca b nynb. O/maKO, cnc/iycT otmcthtb, hto BbipavKcimc 

(1.147) , aHanornnHO KaK n (1.118), b jjaHHOM cnynae ynce jibho He 3KBHBaneHTHO 
(1.115), (1.116) [5], TaK KaK npcncTaBnncT co 6 oh ynce nonHyio anepniio cncTe- 
mbi iapnnoB £e,-, T.e. KaK mcprn n b 3 a n m one hctbim W r , (1.121), TaK n meprmo 
We (1.120) co6cTBeHHoro sneRTpiinecKoro non a sapnnoB cucTeMbi Y. e i- Hi co- 
nocTaBneHiin n aHanH3a (1.115), (1.133) h (1.147) motkho 3aKmoHHTb, hto hc- 
nom>3yeMBiH b miTepaType [1,2,5] (fiopManbiibin no CBoeMy cymecTBy nepexo/i 
ot HenpeptiBHoro pacnpeaeneHiin aapa/ioB b o6i.eMe Vo k nncKpcTiioMy h o6paT- 
ho, OTpavKacT co 6 oh (fiopManbiiyio cynuiocTb npHMeHeHHoro m a t c m a t n h e c k o ro 
MCTo.pa h a6cTpaKTHyio cymnocTb cBOHCTBa 5-(|)ynKiiHH. OopManiman cynuiocTb 
nepexo/ia MOK/iy cj)H3HHecKH He jKBHBancimibiMH BbipavKcmiaMH (1.115) n 

(1.147) nponBnneTcn eme b tom, hto Bbipa/Kcnnc (1.147), aHanornnHO KaK n 
(1.118), /inn nonHoil sncpnin sncRTpiniccKoro nona cucTeMbi sapanoB ko- 
Topoe MO>KCT ObiTb 3anncaHo eme b bh.tc (1.119), T.e. 


W 0 = — 

8 71 




, E j dv 


a +]), 


(1.148) 


8v 


8v 


Av UJ 


Boo6me-TO, He OTpancaeT co6oh h ncncTBHTcnbnoii nonHoil mepnin sncKTpn'ic- 
CKoro nona Wo (1.142), eenn He BBecra eme /mnonHHTenbHbix ycnoBHH Ha orpa- 
HHHemie mincHero npenena HHTerpupoBaHna bo btopom HHTerpane, KaK sto cnc- 
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naHo b (1.122). Cne/iycT otmgthtb eme, hto npn nepexo^e ot xapaKTcpucTHK 
3ap5ma b (1.115) k xapa kt cp h c thk a\i nona (1.133) c noMomtio pan a (JjopMajib- 
hbix no CBoeMy cymecTBy m aTC m a t h h e c k h x oneparpra (1.123) - (1.132), cyme- 
CTBOHHO MCIIHCTCH H (})H3MHCCKaa CyiUHOCTB BBipa^KOHHH [5]. HanpHMep, eCUH B 
(1.123) HHTerpan no BceMy npocipaHCTBy BHe o6teMa Vo 6bin paBeH Hymo, to b 
nonyneHHOM H3 Hero >Ke BupavKennn (1.133) HHTerpan no BceMy npoerpaHCTBy 
BHe ooticvia v 0 yace He paBeH Hymo 

00 

IT = — f E^dv * (). (1.149) 

8tt J 

v o 

6. BblBO^bl 

1. OonapyvKHBaeviaa orpann'icnnocTB mcto/iob Knaccu'iccKoil uicKTpoiH- 
HaMHKH npHMeHHTeJTBHO K IJICMCIITapilBIM 3ap35KeHHbIM HaCTIlU,aM HBlHCTCa 
C-1C/1CTBHCM BBC.TCnm-I B 3JieKTpOCTaTHKy (h 3.10 KTpOl H11 a M H Ky) a6cTpaKTHBIX no 
CBoeMy cymecTBy npencTaBnemiH o TO'ic'inoii cTpyKType 3-iCMCiiTapnBix 3apn- 
,10B H He OrpailH'IHBaCT ,lCHCTBHTClBnOH npilMeHHMOCTH 3THX MCT0.10B K JII0- 
6bim peajiBHBiM incMCiiTapiiBiM 3apa/ia\f koiichiibix pa3MepoB. 

2. Aneprua cTaTHHCCKoro aneKTpHHecKoro nona incMcniapnoro iapaia 
3JieKTpoHa cocpc.iOTO'iciia b npoerpaHCTBe BHe o6i>c\ia aapa/ia oncKTpona h 
paBHa BHyTpeHHeil one KTpo.i hii a mi-ih cc ko il ineprun oncKTpona. CoBMecTHoe 
cymecTBOBaHne sthx hbvx bhhob ancpruil o6ycnoBmiBaeT vctoh'ihboctb cTpyic- 
Typti 3JieKTpoHa. 

3. ripc.iCTaBicnHC o npocTeiimeH cfjjepuHCCKOH CTpyKType ineKTpona oica- 
ibiBacTci BnonHe y/io b.i ct bo p htcjtmibim aim oncKTpocTaTHHCCKoro (h ancKTpo- 
HHHaMHnecKoro) omicaHiia ancKTpona KaK mcmc map noli 3apa>Keimoli 'iacTHUBi. 

4 . BBHny npHMeHHMOCTH k 3.1 c kt p h 1 1cc khm noJisM npHHHuna cynepno3H- 
hhh, sjTCKTpH'iecKHC nona E h Ei ot pa3Htix iapaioB ipyr c ipyroM He B3an- 
MOnencTByioT, a toubko cyMMiipyioTca, T.e. BCKTopa E, h E 2 npn cyMMupoBaHHH 
He HiMcniioTci hh no BC-iH'iHnc, hh no HanpaBJieHHio. O.niaKo, TeM He MeHee, 
uicpr iia BiaHMOiciicTBini W m mokhv nonavm Ej h E 2 He paBHa iiyuo, hto cbh- 
,1CTeiBCTBy ct o cymecTBOBaHHii eme KaKoro-TO (})H3HHecKoro napaMeTpa mck- 
TpiiHecKoro nona, KOTopbiil H3McnacTca ot .ichctbhm o/inoro h ipyroro aneic- 
TpiiHecKoro nona. 

5. 3jieKTpiiHecKoe none ot chctcmbi ihckpctiibix japaioB £e,- hh Konnne- 
CTBeHHO H HH KaHeCTBeHHO He CB01HTC1 K 3KBHBaneHTH0My SneKTpHHeCKOMy 
nonio 3 thx >kc aapaioB e, npn hx ncnpcpBiBiioM pacnpcncncnmi. AncKTpH'ic- 
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CKiie nona iipn /iHCKpeTiioM h ncnpcpBiriiioM pacnpeaeneHHH 3apa/ioB aBjiaiOTca 
nOJiaMH, (|)H3HHeCKH He SKBHBajieHTHBIMH. 

6. BiaHMopcHCTBHe To'ic'inoro aapa/ia e\, noMemeHHoro Biiyipii sapavKcn- 
hoh ccjiepBi, c 3apsflOM e 2 pa in roil ajiepBi bo3mo:hcho tojibko nocpe/icTBOM 3JieK- 
TpHHecKHX iioacii sthx 3apa/ioB. noKajiH30BaHHi>ix b npocTpaHCTBe BHe o6i.eMa 
3apa>KeHHOH C(])CpBI. 

7. H3BecTHoe BBipaTKeHiie AJia sncprn n We sneRTpimecKoro nona E b bh.tc 

00 

W' E = — [e 2 dv 

8 71 J 

5 v 

npuMeHHMO toubko ana opi-mo'niBix KoircniBix no pa3Mepy iapanoB afiepiTic- 
ckoh (])opMBi. IIpHMeHHMocTB /laimoro BBipaaceHna ana onpcACJieniia 3HeprHH 
Wo pe3ynBTnpyiomero 3JieKTpnnecKoro nona E 0 cucTeMBi sapa/ioB ire,TOiiycTH\ia 

00 

w ^h\ Eliv - 

8 v 

8. BeJiHHHHa aneprun BBanMoncilcTBi-ia W B3 sneKTpnnecKHX rionen E] h E 2 
iapa/ioB e\ h e 2 , onpeflenaeMaa H3BecTHon (]) yn ki i n o n an b n o il 3aBHCHMOCTBio bh- 
m 

00 

w ~‘i\ E ^ dv - 

v 

COOTBeTCTByeT ^eHCTBHTeUBHOH 3HeprHH B3a HMO AC M C T B H >1 If ',-, HX TOUBKO npn 
AononHHTenBHOM ycnoBiin, ecnn hiokhhh npepcn HirrerpupoBanuji oyncT paBeH 
o6BeMy Av ajiepBi pannyca r 12 , rnc r 12 - paccToaHne mokav japanaviH. 

9. yJIOBJieTBOpHTeJIBHOH (J»H3HHeCKOH HIlTCpnpCTanHH 3aKOHOMepHOCTH RJlfl 
3HeprnH We sneRTpiinecKoro nona E oahhohhoto aapana e 

00 

W E = — IV dv 

E 871 J 

5 v 

AO HacToamero BpeMemi b (|)H3hkc He nailncno. 

10. y,TO B.TCT Bop HTCn B 110 H (})H3HHCCKOH IlIITCpnpCTaHHH 3aKOHOMepHOCTH 
ana 3HeprHH b 3 an m one iic tb 11 a W m TncKTpi-inecKHX nonen Ei h E 2 

00 

Av 

c yneTOM orpaHHHeHHH Ha hh>khhh npe^en HHTerpHpoBaHHfl Av, HaiiTH He yzja- 


eTC a. 
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11. Hcnoni>3yeMi>iH b miTepaType nepexo/i ot /iiicKpeTiioro pacnpeaeneHiM 
3apazia k iicnpcpbiBiioMy n o6paTHO cjiopMajieH no CBoeMy cymecTBy h He OTpa- 
>K'acT ^encTBUTenBHon (J»h3hkh nepexo.ua. 

12. llMeioimiecsi Tpy.inocTH b 3 jt c k Tp o c t a t h k c nycToro npocTpaHCTBa cbh- 
.1 CT CJTBCT By I OT C060H O 1 1C y ,30 BJT CT BO p IIT CJT B 1 1 0 C TII COBpeMeHHBIX npC.BCTaB.BCIITlii 
Kax o caMOM 3JT c kt p h 1 1 cc ko\ f aapsine, Tax h ero 3JTC KTpH ’ICC KO M none. 

JlHTepaTypa 

1. Jlan/piy JI./I,., JluBninn E.M. T cop mi non si.- M.: THOMU, 1973. - 120 c. 

2. JleBHH B.r. Kypc TcopcTii'iccKoil (])H3 iikh. t. 1. — M.: THOMU, 1969. - 73. 

3. Bcjutiocthii C.B. Knaccii'iccKasi 3JTCKTpoiniasi Tcopmi. - M.: Bwciiiasi niKona, 
1971.-115c. 

4. OpeiiKCJTb 51. H. 9.aeKTpo.an 11 a mhK a. t. 1. - JI-M.: Toe. Tex. Tep. i-n/i., 1934. 

5. TaMM HE. Ochobbi Teopnn ancRTpu'iccTBa. - M.: THOMU, 1976. - 76-83. 

6. Toimcna M.A. Ochobbi 3JieKTpoMameTH3Ma n Teopnn otiiochtc-Bbtiocmh. - 
M.: HJI, 1962.- C. 196. 

7. 3nnB6epMaH T.E. OncKTpii'iccTBO n MameTH3M. - M.: Hayica, 1970. - 146. 

8. HnKonaeB F.B. "3aKOHBi McxainiKii n 3 jt c icrp o/in11a mhkh oKono3eMHoro 
npocTpaHCTBa", Kh. 1, c. 541 - Toe. perncTpapiM N77007254, E324555 ot 
V. 1974 r. 

9. CaBenBeB H.B. Ochobbi TcopcTii'iecKOH (jura hkh, t. 1. - M.: OMJ1, 1975. 

10. KoMnaHeeu A.C. TeopeTHnecKan (J)H3HKa. - M.: TTJ1, 1957. 

11. ®eilli\iaii P., JleiiTOH P., Chhjic M. OeiiiiMaiioBCKiic jickhhh no c|)H3HKe, 

t. 5. M.: Mnp, 1977.-C. 168. 

12. ilBopcKHH E.M., /],eTJia(|) A.A. CnpaBO'iiniK no cJ)H3HKe. - M.: THOMU, 
1968.-0.348,356. 

13. OpaiiKiJiypT y.H. CnepnajiBHan n ooinaa aeopna othochtcubhocth. - M.: 
Hayica, 1968. 
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Tjiaea 2. Ohshhcckhh BaKyyM peajibHoro npocTpaHCTBa 


1. Pa3BHTHe npeflCTaBJieHHH o MaTepnajibHOCTH peajibHoro 
npocTpaHCTBa 

B nepBOH 'iac'TH iracToamcil khhth Damn BBiaBneiiBi iicKOTopaic cnopiiBic 
npoDJTCMBi KJiaccuHecKOH 3JieKTpocTaTHKH “nycToro” npocTpaHCTBa. Eme 
6 onbme no/iooiioro po/ia npo 6 neM B03HHKaeT npn paccMOTpcniin pan a aBneniiii 
KJiaCCHHeCKOH 3JTCKTpO/IHIIaMHKH. eCJIH HCXO/ 1 HTB H3 OOIlieripHIlHTBIX npC.TCTaB- 
jtchhh o cymccTBOBaimn 3JieKTpHHecKoro nona KaK hckoh caMOCToaTenBHOH 
(j)H3HHeCKOH CyOCTailllllll H npHMeHHMOCTH K 3JieKTpOMarHIlTHBIM HBHeHIUIM 
ripnniiniia nanBiio/iciicTBiia. Cnc/iyeT otmcthtb, o/maKO. hto Ha HanajiBHOM 3Ta- 
ne pa3BHTH?i npeacTaBneHHH 06 sacKTpH'iccTBC Bee pcanimoc npocTpaHCTBO 
mbicjihjiocb 3anonHeHHbiM yiiHBcpcaaBiioH MnpoBon cpenoii - scjjupoM. Ha cMe- 
Hy nepBOHanajibHOH Teopini /lanBiro/iciicTBiia HinoToira (MrHOBeHHoro pacnpo- 
CTpaHeHiia cun b 3a hmo.tc il ct b h a Ha paccToaimc). r loMrencovi OBina npe/mo>Kena 
Teopua, oOBacnaiomaa MexaHH3M nepe/iaHii hchctbihi ot o/nmx Ten Ha -Tpyrnc 
'icpci npoMe>KyTOHHyio cpe/iy - 3(f) up, ripinicvi CKopocTb nepe^aHH neiicTBiia 
3thx chu npe/inonaranacB orpaiiHHennoM. 3Ta Teopua nonynnna Ha3BaHHe Teo- 
pnn 6 nH 3 KoaeHCTBiM. Teopua 6 aH 3 KO,TCHCTBH>i rloMrenca Harnna CBoe Ram,- 
HeHHiee pa3BHTHe b pa 6 oTax OpeHena h nonynnna /lOBoninio mnpoKoe pacnpo- 
CTpaHeHne. Teopnn scfmpa npH/iep>KHBanca b CBoe b pc via Oapa/iciE paccMaTpu- 
Baa ero b KanecTBe MaTepnaJibHoro HociiTena 3acKTpo m a n iht n bi x bouh. Enaro- 
Tiapa npH3HaHHio Teopnn 3 (f) h pa h Ha ee ochobc bo BTopoii nonoBHHe XIX bckb 
VlaKCBCJUTOM Esina C03,Tana cTpoiinaa Teopua 3neKTpo\iani htiibix hbhchkh, 6bi- 
jih naii/iciiBi H3BecTHBie ypaBiieima MaKCBenna, BBipaacaiomne o 6 mne 3aKOHbi 
aBJieHHH 3JieKTpoMarHeTH3Ma. CornacHO Teopnn 6nH3KoaeHCTBHa MaKCBenna, 
nepc/ia'ia nciicTBiia ot o/inoii tohkh nona k /ipyroii coBepmacTca nocpe/iCTBOM 
ynpyrux HaraaceHHH b 3(]inpc. p ac n p o dp a n a i o m h x c a c HeKOTopon Konc'inoH 

CKOPOCTBIO. 

nepBOHanajitHO 3(f) up npenciaBnanca KaK hhcto MCxanii'iccKaa cpe/ia, no- 
.HoEHaa ynpyroMy Teny. PacnpocTpaHeHHe cbctobbix bouh b TaKOM 3(f)iipe yno- 
AoEnanocs pacnpocTpaHeHHio 3ByKa b ynpyron cpe/ic, a nanpa>KcnnocTB sneK- 
TpiinecKoro h MarHHTHoro rioncii otok/icctB n anac b c MexaHHHecKHMii nanpa- 
>KeHHOCTaMH B 3(])HpC. flinOTCia MCXailH'ICCKOrO 3(j)Hpa BCTpCTHnaCB c 6ohbhih- 
mh TpypnocTaMH. B 'iacTiiocTH. noncpcniBiii xapaKTep KoneEaHHH b cbctobbix 
B onHax Tpe6oBan ot 3(f) h pa cbohctb aEconioTHO TBep/ioro Tena, hto naxo/wnocB 
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B np^MOM npOTHBOpe'IHH C OTCyTCTBIieM COnpOTHBJieHIHI PBHVKCIIHIO B 3<|)Hpe 
He6ecHtix Ten. C pa3BHTiieM one kT po m a n in t n o ii rcopwi CBeTa “McxanH'iccKiiii” 
3(|)np 6biji 3aMeHeH scfmpoM “ojicKTpoMarniiTnbiM”, CBoiicTBa KOToporo onpe/ic- 
jifui hcb ypaBHeHiMMH MaKCBenna. 3 tot scjnip arm o/uihx (MaKCBenn, JIopeHu) 
npencTaBJumcfl cpenoii, oanonnrnomeii Bee MiipoBoe npocTpaHCTBo, h pBn>Kcnnc 
OTHOCHTeJIBHO 3TOTO 3(J)Hpa MbICJIHJIOCb KaK “a6cOJHOTHOe” /1BH/KCIIHC OTHOCI1- 
TenbHO runoTCTH'iccKoro iicno,TBH>Knoro MiipoBoro 3(})npa. Him ppyrux (repp, 
Ctokc, rinaiiK) 3(f) up npepcTaBJunrcJi cpe/ioii. nonHOCTbio VBncKacMoii 3eMJieH h 
npyrHMH He6ecHi>iMH TenaMH npn hx .ibh/Kciiiiii othochtcubho noKonmerocn 
MnpoBoro 3(J)Hpa. 

npe.TCTaBncime 06 on c KTpo m annmiOH cpe/ie CTano npiinimoii nocTaHOBKii 
ucnoro pa,ia hobbix 3KcnepnMeHTOB, onpeaejrHBimix pajibHeiimyio cy/iboy scfni- 
pa. B o6cTaHOBKe bbijibhbiiihxcji npoTHBopcniii rnnoTe3 a6coinoTHO noKoame- 
rocn, HacTHHHO yBneKaeMoro h nonHOCTbio yBneKaeMoro 3(|)npa c onbiTHbiMH 
AaHHtiMH, A. 3iinmTeiin npe/inaracT 0TKa3aTi>cn ot cvmecTBOBaHiig KaKoro-obi 
to hh owno scfnipa. CocTOJone cJ)H3hkh toto BpeMemi oh xapaKTepH30Ban cne- 
ayiomiiM o6pa30M, hto b iicTopmi HayKH bo3hhkho op no H3 caMbix ppaMaTH- 
necKiix nono>KeHHH. Bee npe/inono>Keniifl oTHOCHTenbHO noBcpeniifl ocfnipa hh k 
hcmv He npiiBopHJiH... riocne ctojibkiix ncy/ian nacTynnn momciit. Korpa cnepo- 
Bano coBepuieHHO 3a6biTb 06 ocfnipe h nocTapaTbca HHKor.ua He ynoMHHaTb o 
HeM” [1], U,eJibHOCTb npepnaracMoii A. 3iin hitch iiom Teopmi h ee (j)op\tanbnan 
noniHecKan 3aBepmeHH0CTb o6ycnoBHini h ee nopKynaiomyio KpacoTy. OpnaKO, 
“...B PC H CT BHTCnBIIOCT H PpaMaTHHCCKOC nOJITOKefflie B (J)H3HKe coxpaHiinocb 11 
/lo HaiHiix pncii h HMeHHO noTOMy, hto npHHHjiH pcKOMcnpaHHio A.3iiHHiTeHHa 
“coBepmeHHo 3a6biTb 06 3(|)Hpe h HiiKor.ua He ynoMHHaTb o HeM”. Hmciiiio c 
3Toro MOMeHTa Teopiui c|)H3HHecKHX nBJieHHH npnny>Kpcna 6buia paiBHBaTBca b 
CTopoHy HeyMepeHHbix MaTCMaTHHCCKiix a6cTpaKiiiiH, vmonic HBneniui CTann 
Ka3aTBCH cii “crpaHHbiMH” h “3arapoHHbiMii”, h hcm panbme, TeM 6onbiue b stoh 
Teopiui CTann iiaKanmiBaTBCH HepemeHHbie npo6neMbi” [2]. 

B nacTOflincc Bpcvia Bee 6onbiuee h 6onbiuee ko-thhcctbo (|)H3hkob, nop 
paBJicimcM (JiaKTOB. BBinyA'pciiBi BHOBb BCTaBaTb Ha TOHKy opeimsr cymecTBOBa- 
Hiia yniiBcpca.TBnoii MiipoBoii cpepin. CoBpeMeHHoe npepcTaBnenne o cymecT- 
B0B3HHH MIipOBOH CpCPbl y MHOrHX aBTOpOB IiaXO/lHT CBOe OTpaVKCIlHC B HX 
npepcTaBnemuix o “BaKyyMe”, “cf)H3HHecK0M BaKyyMe”, “oneKTpoimo- 
no3HTpoHHOM BaKyyMe, MaTepnajibHoii cpepe cf)H3HHecKoro npocTpaHCTBa”, 
“(j)H3HHecK0M none” n T.p. Konc l nio, c coBpeMeHHoii tohkh ipeimn. MOKpy cTa- 
pbiM “ocfwpoM” ii HOBbiMH ero MOPii(])HKannH\in cfiopManbHO npepnonaraioTcn 
HeKOTopbie otjihhhu. Othhhhh sth 3aKHK)HaioTCfl. npcvKpc Bcero, b tom, hto 
“BaKyyM” huh “cIhiih'icckhh BaKyyM” h T.p. yMBimncnno i ictko He onpc/icnacTCfl 
noKa KaK BnonHe onpepeneHHaa MaTepnajibHaa cpcpa peanbHoro npocTpaHCTBa, 
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KOTopon npucyme ochobhoc cbohctbo jik>6oh MaTepnajibHOH cpeAti 6 bitb c]j h- 
3nnecKOH ciicTeMOH OTcicTa rjisl pan a HBneHHH. HanpuMep, coraacHo [3], 
mbi MonceM npe/iCTaBHTb ce6e Miip npoHH3aHHBiM irinyHcnircM, Korapoe He 
tojibko ycTaHaBJiHBaeT MaTepnajibHyio CBaab MOK/iy BceMH TenaMH, ho o6pa3yeT 
CBoeo6pa3HbiH 3ncKTpovian iht n biii (])on...’\ hto “3jtcKT p om a n m t ii o e HTJiyHcnnc 
npencTaBJiaeT CBoero po/ia yimBepcanbiryio cpeny, b KOTopon nBnacyrca Tena”. 
AHanH3npya pa3HHHHbie tohkh spcniia Ha CBOHCTBa peaubHoro npoeipaHCTBa, 
J\M. EnoxHHHeB, b 'iacTiiocTH. oTMenan [4]: to, hto b (JjH3HKe CHHTajiii nyc- 

totoh, Ha caMOM nene aBnaeTca HeKOTopoH cpe/ioii. Ha30BeM jih mbi ee no CTa- 
piiHHOMy “3(J)HpoM” huh ace 6onee coBpeMeHHbiM cjiobom “BaKyyM”, ot ototo 
cyTb nena He McnacTca...”. “B hx co3HaHHH naiBaimaa cpc.Ta noneMy-TO acco- 
HHHpyeTCH C IipC/KIIHMH HpC.TCTa B JTCIIII >[MH O HeKOTOpOH Tpy6oH MeXaHHHeCKOH 
cyocTannHii. Ohh nonaraioT, hto nepecTpoHKa Teopnn \thK p ohbhc nnii Ha 6a3e 
CymCCTBOBailHH MHpOBOH Cpe.TBI yUH'ITOVKHT HUH, no KpaHHeH Mepe, yMeHbHIHT 
Te nono>KHTei[bHbie bbibo/ibi h npenGKa3afflia, KOTopbie Obihh cyicnaiibi, hcxo.th 
H 3 Teopiiii A. 3iiiiiiiTeiiiia” [5]. H aanee, b stoh ace pa6oTe [5] HMeeM, cne- 
/lycT oTMeTHTb, hto mhothx Hccac,TOBaTcacH TpcBO’A'HT B03BpameHne k “npon- 
/leimoMy 3Tany”, T.e. k npH3HaHHio Eonbmon ponn MnpoBOH cpc/ibi b cooTBeT- 
CTByiomux MHKpoaBneHiMX... B ,TCHCTBHTcabnocTH. iiayKa He nocTpa/iacT ot 
toto, hto 6y/iCT, HaKOHeu,, BoccTanoBJicna HCTHHa. Hao6opoT, BMecTe c ^ajib- 
HeHHIHM pa3BHTHeM HaiHHX 3H3HHH, HeCOMHeHHO, ynaCTCa BbiaCHIlTb H Ty npn- 
HHHy, KOTopaa co/iciicTBOBajia ycnexy Teopnn A. 3iiiimTeiiiia (necMOTpa Ha ee 
ochobhoh ouin6oHHbiH Te3Hc)... MoacHO HMeTb yBepeHHocTb, hto /lon/KiibiH yneT 
MHpOBOH epeAbl B npOTeKaHHH COOTBeTCTByiOmHX MHKpOnpOpeCCOB nOMOaCeT 
HHKBHflHpOBaTb TaKHe MajIOBepOaTHbie OCo6eHHOCTH “HOBOH (J)H3 HKh”, KaKHMH 
aBJiaioTca, HanpuMep, “nacTHpa - Bonn a”, “nncKTpoii - TOHKa”, pacnpocTpaHe- 
Hne cBeTa b “BaKyyMe” KaK npc/icabnaa cKopocTb npnpo/ibi h np. C /ipyroii cto- 
pOHbl, nCpe.T TCOpHCH ,TOH/KHbI OTKpbITbCa H TaKHe B03M0VKTI0CTH (npHHHMaa BO 
BHHMaHHe B3aHMO,TCiiCTBHC CpC/lbl C /IBH’/K'y IIIHMHCH B HeH HaCTHH,aMH), KaK (j)H- 
3HHeCKOe HCTOJIKOBaHHe 3aBHCHMOCTH MaCCbl OT CKOpOCTH, 06 baCHeHHe B3aHMO- 
CBa3H 3HeprnH h Maccbi, nocTpoeHiie k n a cc n(])n k a iih n nncMeiiTapiibix nacTim Ha 
hoboh ocHOBe h np.” 

KcMOpH.TATKHH yneHbra O. Xshji no ilOBO.Ty npoTOHHOH CMepTH Bcencn- 
hoh peniHTeabHO OTBepraeT B03MoacHOCTb “TBopeHna H3 Hunero” h yraepacnaeT, 
hto “penb h.tct, no Been BepoaTHocTH, o He i-nyHcimoM eme MaTepnaabHOM no¬ 
ne, H3 JIOHa KOTOpOTO B MC/K3BC3.TIIOM npOCTpaHCTBe npOHCXO/lHT OTnOHKOBblBa- 
HHe npOTOHOB” [6]. PoJIb MHpOBOH cpcabl B pa3BHTHH (J)H3HKH y MHOTHX yHeHbIX 
3aHHMaeT Bc/iymcc 3iraHcnirc, ecnn nepecMOTpeTb Bonpoc, to Tenepb MoryT 
6 biTb Bbi.TBHiiyTbi coiiH/inbic coo6paacefflia b nonb3y nocTynnpoBanna 3(|)Hpa” 
[7]. KDKaBa h ren3eH6epr Ha >Kciicbckoh MC/K/iynapo/iiioii KoiK])epeiiiiiin b 1956 
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r. OTMC'iajIH, HTO TCOpHH OTHOCHTeJIbHOCTH AHIlIIITCHIia ... y5Ke He oGbaCIiaCT 
Bcex npo 6 neM, CBasaimbix c sncMcnTapiiBiMH 'iacTHna\m. h hto nyvKiio HCKaTb 
.najibHeiiimix nyTeii...”. H /jancc, aKpenrapya BHHMaHHe Ha hckjiiohhtchb 110 ii 
Ba>KH 0 CTH npo 6 neMi>i cmciibi cymccTByiomcii napa/nuMBi, aBTop OTMC'iacT, hto 
“... iicooxo/ihm 3HaHHTenBHo ooncc pa^HKajibHBiH nepecMOTp Teopnn OTHOCH- 
TenBHocTH h KBaHTOBOH Teopnn, npuHeM ira/io oy/ieT He Koe-KaK npucnocoGiiTB 
HbiHeniHHe Teopnn, npiiHHMaa b hx ocHOBe npe/inonoKeima. a KopeHHbiM o 6 pa- 
30M nepecMOTpeTb hx nornnecKyio h (}Hiioco(])CKyK) 6a3y...” [ 8 ]. HMeeTca h 
mhoto zipyrux Bbicica3biBaHHH eoBeTCKHX h 3apy6e>KHBix (|)H3 hkob o TpypnocTax 
B COBpeMeHHOH (JjH3HKe H IICOOXO/IHMOCTH npH3H3HHa peajIBHOCTH CyiUCCTBOBa- 
mia MaTepnajiBHOH cpc.TBi (])H3H'iccKoro npoeipaHCTBa. HMeeTca 6 onbmoe ko- 
JIHHeCTBO KpHTHHeCKHX pa 60 T, aBTOpbl KOTOpbIX He COrjiaCHbl C TeMH HUH HHbl- 
mh hcxo/hibimh KonucnimaMH Teopnn “nycToro” npoeipaHCTBa A. AiinniTCHna 
[2, 8 , 10] h ycTaHaBJiHBaioT cymecTBeHHyio orpaHHHeHHOCTb stoii Teopnn npn- 
MeHHTeJibHO KOHKpeTHO k peaHbHOMy 0K0H03eMH0My npocTpaHCTBy rpaBHTami- 
ohhoto noaa h c[)H3HHecKoro BaKyyvta [11-16], OTHOCHTenbHO ace mhotohhc- 
aeHHbix Tax Ha3biBaeMbix “sKcnepHMeHTanbHbix” (jjaKTOB, axoGbi no/iTBep- 
■/K/iaiomux a 6 cTparHpoBaHHyio Teopnio OTHOCHTenbHOCTH nycToro npocTpaHCTBa 
A. SHHIHTeHHa, yMeCTHO BCnOMHHTb BbICKa3bIBaHHe COBeTCKOTO (j)H3HKa 
H.B. Kyiiicnona, KOTopoe pobojibho nomro xapaKTepH3yeT 3/ipaBBic paccysyie- 
Hua (JjH3HKa-MaTepnajiHCTa: “Kor.ua roBopaT 06 3kc ncp hmci nan b iiom no/iTBep- 
ayjeHHH Teopnn OTHOCHTeJIbHOCTH, TO (})H3 H K- MaTCpHajIHOT HMeeT B BI-I/IV COBCeM 
He to, hto xoTaT npe.TCTaBHTB Aiiiimieiin h jiiiimTeiiimaiinBi. Bo3bMeM, Hanpu- 
Mep, H3BecTHbiH (JiaKT H3MeHeHna BpeMeHH pacnapa .iBHacymcroca Me30Ha no 
cpaBHeHHio c BpeMeHeM pacnapa noKoameroca Me30Ha. J\nn AiiiimTeima peao 
3aKJiK)HaeTca b tom, hto iiaonio/iaTC-nB “oTHec” Me30H k ppyrofi cucTeMe Koop- 
PHHaT, B 3aBHCHMOCTH OT 3TOTO H BCJIC/ 1 CTBHC 3TOTO H np0H30IHH0 H3MeHeHHe 
CKopoeTH pacnapa Me30Ha. 

Oii3HK-MaTepHajiHCT noHHMaeT stot (JjaKT coBceM no-HHOMy. BpeMa pacna- 
Aa Me30Ha CTano hhbim noTOMy, hto pBiiacymiiHca Me30H - sto Me30H, cymecT- 
Byiomi-iii b ppyrux ycnoBHax, b /ipynix cBa3ax h OTHomeHnax k o k p yac a fo i i i hm 
ero MaTepnanbHbiM TCJiaM. 11 ostomy y Hero h ppyraa puTMHKa npoucccoB. no- 
3TOMy h BpeMa pacnapa y Hero ppyroe” [17]. 

OcHOBHbiMH .TOBO.iaMH CTopoHHHKOB nycToro npocTpaHCTBa AHIimTCiilia 
npoTHB peaabHocTH cymecTBOBaHiia jho 6 oh c])H3HHecKOH cpc.TBi, ocHOBaHHbiMH 
TOJibKO Ha TeopeTHHecKHX npeanocbiJiKax, aBjiaiOTCa /lonymcniia. hto KaK 3aKO- 
Hbl MeXaHHKH, TaK H 3aKOHbI 3 JTC KTp 0,1 HI I a M H K H H OnTHKH ,10.1/KIIBI OCTaBaTbCa 
HeH3MeHHbIMH B IIK)6bIX .1BH/KY IHHXCfl OTHOCHTC.1BHO ,ipyr .Tpyra HHepn,HajIbHbIX 
CHCTeMax OTcneTa. /IpyriiMH cnoBaMH, cnpaBe/riiiBOCTB npnHunna OTHOCHTenb- 
HOCTH B TeOpHH A. AHHIIITCHHa nOCTy.lHpOBaaaeB, BOo6me-TO, upHMCIIHTCJIBIIO 
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ana BnonHe onpeaeneHHoro a6cTparnpoBaHHoro nycToro npocTpaHCTBa h ana 
HHepmiajiBHBix chctcm b TaKOM npocTpaHCTBe, oniiaKo BtiBoati a6cTpaKTHon 
Teoprai HenpaBOMepHO CTann pacnpocrpaHaTb, rioHCMy-TO, Ha jibjiciihsi koh- 
KpeTHO b peanbHOM OKono3eMHOM npocipaHCTBe rpaBi-iTaiiHoimoro nona h t])ii- 
3HHecKoro BaxyyMa, CBOHCTBa KOToporo cymecTBeHHO othhhhbi KaK ot cbohctb 
nycToro HHBapnaHTHoro npocTpaHCTBa cneu,HanbHOH Teopmi othochtcubhocth, 
Tax h ot cbohctb o6meKOBapnaHTHoro npocTpaHCTBa oomcii Teopnn othoch- 

TeJIBHOCTH [15]. npn 3TOM, CJIC.TyCT OTMCTHTB, HTO HCCMOTpfl Ha .TOBOJIbHO HIH- 

poKoe pacnpocTpaHeHHe mcto.tob Teopnn othochtcubhocth nycToro npocTpaH¬ 
CTBa b pa3JiHHHBix o6nacTax HayKH h TexHHKH, BnnoTB .to nacToamcro BpeMeHH 
b c])H3HKe He 6bijio eme nocTaBTcno hh o.Tiioro npaMoro 3KcnepiiMeHTa no npo- 
BepKe npHMeHHMOCTH npnHunna othochtcubhocth KOHKpeTHO b ycnoBiiax pe- 
aJiBHoro OKOJi03eMHoro npocTpaHCTBa [12]. Eonee toto, aHanH3 MHoroHiicneH- 
HBIX KOCBeHHBIX 3KCnepHMCHTajIBHBIX (})aKTOB [11-15], nOnyHCHIlblX B yCHOBHJIX 
peanBHoro OKono3eMHoro npocTpaHCTBa, BnonHe oanoanaHno cbI'Itctctbctbyct 
ynce b nonB3y toto, hto b ycnoBiiax OKono3eMHoro npocTpaHCTBa h Ha noBepx- 
hocth MaccHBHoro ipaBHTiipyiomero Tena 3 cm.th npimnim othochtcubhocth k 

MeXaHHHeCKHM, Orrm'ICCKHM H 311C KTpO.T H11 a M H 'ICC K H M HBTCIIHTM OKaTBIBaCTCH 
Boo 6 me HenpuMeHHMBiM. HaKonneimbic MHoronHcneHHBie 3KcnepH\iciiTanbnbic 
H TCOpCTH'ICCKHC (jjaKTBI BCe OO-TCC H 6 oHee yOC/K/iaiOT B TOM, HTO CBOHCTBa “(|)H- 
3HHecKoro BaKyyMa” peanBHoro npocTpaHCTBa BnonHe cooTBeTCTByioT cbohct- 
BaM onpeacncimoH MaTepnajiBHOH cpc.TBi. B HacToamee BpcviT npno 6 peTaeT 
y>Ke 3HaHHTejiBHBiH HHTepec H3yHeHne o 6 mnx cbohctb “c])H3HHecKoro Ba¬ 
KyyMa” KaK peajiBHon MaTepnanBHOH cpc.TBi. Hiy'icimio ot.tctbiibix cbohctb 
“c])H3HHecKoro BaKyyMa” (nonapH3yeMOCTH, ,THcricpcnn. KBaHTyeMOCTH h t.,t.) 
nocBJimcno 3HaHHTem>Hoe kouhhcctbo pa 6 oT KaK y Hac, TaK h 3a py 6 encoM [18- 
22]. B cbok) o'icpc.TB, orpaHHHeHHocTB coBpeMeHHBix npcTCTaBTcniiii 06 3JieK- 
TpunecKOM none b a 6 cTparnpoBaHHOM “nycTOM” npocTpaHCTBe HeMHHyeMO 
npHBOflHT k rioTBTCiiHio b (j)H3HKe paaa npo 6 neM, CBjnaniiBix c BonpocaMH ne- 
peaaHH B3aHMO,TciicTBHT nepe3 nycTOTy Ha paccTOJiimc. npupoaoH B3anMoacM- 
CTBI 1 S 3JieKTpHHeCKHX nond! MOK.Ty C 060 H, npUpOTOil JIlCprHH SnCKTpHHCCKOrO 
nona h noKanH3aiTHH stoh jneprun b OKpyncaiomeM npocTpaHCTBe h t.,t. Bee sto 
CBHTieTeJIBCTByeT B nOJIB3y TOTO, HTO najIbnCHIIIHC HCCIIC.TOBanHT OOIIIHX 
cbohctb “(})H3HHecKoro BaKyyMa” peanBHoro OKono3eMHoro npocTpaHCTBa tb- 
naioTca BnonHe 3aKOHOMepHBiMH h Kpailnc iicooxothmbimh. 
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2. BaKyyMHaa cpe^a KaK (j)H3HMecKaa CHCTeMa OTCieTa 

/lonyiHeime cymecTBOBaima BaKyyMiioii cpepbi, KaK BnonHe onpcpcacimoii 
peantHOH MaTepnajitHOH cpc/ibi, cpa3y ace Bi.inyacpacT /lonycniTb cymecTBOBa- 
HHe b TaKOH cpc/ic h onpe/icacimoii Bbipcacimoii chctgmbi OTCieTa, othocii- 
TeUBHO KOTOpOH 3aKOHBI MeXaHHKH, 3a C KTpO PHIIaMH K H H OIITHKH POJDKHBI HMGTB 
iiannpocTeiiinnii bum. /JavKC He B.aaBaacb b noapoonocTii cTpyKTypHoro CTpoe- 
mia BaKyyMHOH cpc/ibi - /iHCKpeTiioro huh iicnpcpbiBiioro, a TaKace BHe 3aBHCH- 
mocth ot xapaKTepa pBHacemiH ai-icKpcTiibix 'iac'THii BaKyyMHOH cpe/iBi - ynopa- 
po'inoro huh xaoTH'iccKoro, c ,aonyineiincM cymecTBOBaiiiia b peantHOM npo- 
CTpaHCTBe npeHMymecTBeHHOH CHCTeMbi OTCieTa ana pa,ia (Jihbh'icckhx a Bac¬ 
illi ii. cpa3y ace BbiaBnaeTca iicooxo.ihmoctb KaKoii-ai-ioo o/iiioiiiaHiioii HHTep- 
npcTaiiiiH pa3HHHHbix npo6neM KJiaccHHecKOH 3a c KTpo ami a \i h k i-r, cBa3aHHbix c 
3KcnepHMeHTajiBHBiM oGHapyscemieM aaimoii Bbipcacimoii CHCTeMbi b KOHKpeT- 
hbix ycnoBHax Ha noBepxHOCTH 3eMaii. He ocTanaBaiiBaacB rioapoono Ha pa3- 
aii'iiiBix TpyaiiocTax. c kotopbimh BCTpcTHaiicB b cBoe BpeMa Teopnn ncno/i- 
BiiacHoro, 'iacTii'iiio yBacKacMoro h noaiiocTiao yBacKacMoro 3([)npa npn HHTep- 
npcTaiiiiH papa H3BecTHbix 3KcncpnMciiTaabiibix cjiaKTOB. onpepeauM cocToaHHe 
npeHMymecTBeHHOH CHCTeMbi OTCieTa, cBa33HHOH co cpcpoii (}i hi h>icc koto Ba- 
KyyMa OKoao3C\nioro npoeipaHCTBa, ocHOBbiBaacb Ha pe3ynbTaTax nocacpimx 
TOHHeHuinx 3 kc ncpH mc iiTaa b11bi x aamiBix. OcHOBbiBaacb Ha anaansc h conoc- 
TaBJieHHH MHOrOHHCaeHHBIX H3BeCTHBIX 3 KC n Cp H MC I ITaa B11 BI X H TCOpCTH'ICCKHX 
(fiaKTOB H3 ooaacTH onTHKH h 3acKTpoaniiaMHKH oKono3eMHoro npocTpaHCTBa 
[11-16], e onpcpeaciinoii aocTOBcpiiocTiao movkiio yace yTBepacpaTb: 

1) b ycnoBHax ncrioaBiiaciioii aaoopaTopnoii CHCTeMbi OTCHCTa, cBjmHHoii c 
noBepxHOCTBio MaccHBHoro rpaBHTHpyiomero Tena 3cMan, npeHMymecTBeHHaa 
CHCTeMa oTcneTa b BaKyyMiioii cpe/ie oKono3eMHoro npoeipaHCTBa ocTaeTca b 
cocToaHHH noKoa OTiiocnTcai.no noBepxHOCTH Tea a 3 c Man. Ckopoctb CBeTa Co 
bo Bcex nanpaBaeimax OTiioci-iTcaiaio noBepxHOCTH 3e\iaii b BaKyyMHoii cpepe, 
b nepBOM ripHOaHa^'ciiHH. aBaaeTca Bean'iniioii nocToaHHoii 

c 0 = const ( 2 . 1 ) 

h He 3aBHcameii hh ot cyroHHoro, hh ot op6nTanbHoro h hh ot raaaicmqecKoro 
ABiiaceHna 3c\iaii (peiyai.Tan.i 0TpHH,aTenbHbix om.iTOB Tuna MaHKenbcoHa [23- 
25]). HcKmoneHna MoryT cocTaBaaTB ToabKO pa3Horo popa aiioMaaiaibic Bapua- 
hhh h ooacc TOHKne rao6aai.ni.ic pwiaMi-nccKHc npoucccia Biai-iMopeiicTBiia 
cpcpi.i ([ii-n hhcc koto BaKyyMa c ypajieHHbiMH pBnacymuMHCH rpaBUTupyEomuMH 
TeaaMH; 
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2) cKopocTb cBeTa c b jiioSoh npoioBoiibHo ,iBH>K'ymcHc?i (b tom HHcne 
BpamaiomciicH) otiiochtcjibiio noBepxHOCTH 3 cmjih chctomg OTCicTa (T.e. hbh- 
■A'ymcHCH oTHocHTentHo npcHMymccTBcimoH chctcmbi OTcicTa), b nepBOM npn- 
6nH>KeHHn v/c , acuMMCTpiTnia no iianpaBJicnnio HBHaceHHa h npoTHB h paBHa 

c = c 0 ± v (2.2) 

(iTonovKHTcnbiibic pe3yjn>TaTbi ontiTOB Tuna CaiiBHKa [26-28]); 

3) TpaeKTopua Jiyna CBeTa Ha noBepxHOCTH Bpamaiomcilca 3 cmjih He ocTa- 
eTCJi npaMonnHeiiHOH H3-3a HajiHHHS b yBjieicaeMOH rioBepxnocTBio 3 cmhh Baicy- 
yMHOH cpenc onpcncncimoro rpanHeirra CKopocTeii Ha pa3Hbix ee mnpoTax h 
BB icoTax (i ioho/Kht cn inline peiyabTaTBi onbiTOB Tuna MaHKcabcona - Tens [29]); 

4) CKopocTb CBeTa c' b jho6oh peantHon omn'iccKn npoapa'iiioii cpenc, no- 
KoamencH oTHocHTenbHo noBepxHOCTH 3eMHH (hokohihchch b npenMymecTBeH- 
hoh cncTeMe OTcicTa). paBHa 

c' = — . (2.3) 

n 

yMeHtuieHne ckopocth CBeTa b ohth'icckh npoapa'iiioM cpenc ooycnoBncuo 
HBneniicM nepei-nnyHciiim CBeTa 'iacTi-inaMH cpenw. Ckopoctb CBeTa othoch- 
TejiBHo noBepxHOCTH 3eMHH b npocTpaHCTBe Me>Kny nacraijaMH cpe.Tbi hbh3ctch 
B eJIHHHHOH nOGTOJIHHOH h paBHOH c 0 (2.1); 

5) CKopocTb CBeTa b jho6oh pcanbiioii onTHHecKH ripo3pa l nioii cpenc, hbh- 
VKyiHCHca co CKopocTbio v OTiiocHTcnbiio noBepxHOCTH 3eMHH, no nanpaBncnino 
HBIDKeHHJI H npoTHB HBnflGTCM BeJIHHHHOH aCHMMeTpilHHOH H paBHOH 

,2 - 4) 

Mbhciihc 'iacTH'inoro yBnc'ieiiini CBeTa ooycnoBncuo acJxJieKTOM nepeiTinyHcimn 
CBeTa nacTHiiaMH nBuncyineilcH om hhcckh npoapa'iiioii cpenin. Ckopoctb CBeTa 
OTHocHTentHo noBepxHOCTH 3eMHH b npocTpaHCTBe MOKny nBuncyiHUMHca nae- 
THIUIMH cpcnbl HBnHCTCM BeJIHHHHOH nOCTOUHHOH H paBHOH Co (1) (onbITbl ®H30 
no nacTHHHOMy yBJieHeHHio CBeTa [30, 31]); 

6) Tax Kax npcHMyiHCCTBCimaji encTeMa OTCHera nna CBeTa b ycnoBi-wx 
OKOJio3eMHoro npocTpaHCTBa npaKTHHecKH nonnocTbio yBncKacToi MacciiBHBiM 
rpaBHTHpyiomHM TenoM 3 cmjih (ananorn'iiibiMH CBOHCTBaMH oonanaiOT, o'ic- 
BnnHO, h nfoobic npyrne MaccHBiibic rpaBUTupyiomne TeJia), to ncooxoniiMO 
nonycTHTb, hto cpcna (J)H3HHecKoro BaxyyMa oonanacT onpcncncimbivm rpaBH- 
TapHOHHBIMH CBOHCTBaMH H IipHTflniBaCTCJI MaCCHBHBIMH TpaBHTHpyiOmHMH 
TeJiaMH; 

7) b jho6bix jioKajitHbix oonacTJix peaninioro npocTpaHCTBa b cpenc c[)H3H- 
HecKoro BaKyyvia npuMeHHMOCTB npnHunna othochtcubhocth ircnonycTHMa, 
Tax Kax saKonbi MexaHHKH, 3 jt eKTpon h na mhkh h oiithkh He ocTaioTca HeH3MeH- 
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HbIMH B IIOKOHIHCHCH H B .TBH’A'VHICHCH B .BailllOH JIOKaJIbHOH o6jiaCTH CHCTeMe 
OTC'iCTa; 

8 ) 3aKOHBI MeXaHHKH, 3a C KTp 0,1 IT 11 a M IT K IT H OIITHKH OCTaiOTCH HCH3MCHHbIMH 
TOJIbKO B (|) ITT IT'ICC KIT 3KBHBajieHTHbIX CHCTGMaX OTC'iCTa, GB5I3aHHbIX C 3KBHBa- 
JieHTHBIMH rpaBHTHpyiOmHMH TCJiaMIl H IiaXO.TJIIUHXCH Ha TIia'IITTCabllOM pac- 
ctohhhh apyr ot apyra. yKa3aHHbix c])ittit'icckit aKBiTBaacimibix citctcm 
OTC'iCTa aonycTHMO paccMaTpuBaTb npuMCHUMOCTB npnHunna oaiTiiaKOBOCTH 
3aK0H0B Iipupoabl B aBITVKyiHITXCH OTIIOCITTCabllO ,TpyT apyra CHCTCMaX OTC'iCTa, 
oaiiaxo noiurme 06 HHBapnaHTHOCTH ypaBiieimii k TaKHM CHCTCMaM OTC'iCTa He 
MO>KeT 6bITB npHMeHHMO. 

C aonymcimcM cymecTBOBaiiiTa noicajibHOH npenMymecTBeHHOH cucTeMbi 
OTC'iCTa, yBacKacMoii MacciiBHtiM rpaBHTiTpyiomiTM TenoM 3 c via it (a Taioice n 
apyrHMH He6ecHbiMH Tea a \t it), y/iacTca yaoBa ctbo pHTcabiio coraacoBaTb n mho- 
roHHcaeHHbie apynTC H3BecTHbie outh'icckitc h aa c KTpo a it 11 a vi it a ec k it c aBacima. 
B ooaacTH aa c kt poa it i i a vi it k it cymecTBOBaHHe npenMymecTBeHHOH cucTeMBi 
OTC'iCTa, CB333HH0H c noBepxHOCTBK) rpaBHTHpyiomero Tcaa 3 c via it, noTBoaacT, 
HaKOHep, HaHTH IICnpOTITBOpCIITBOC OObTICIICIlITC HeKOTOpbIM IlapaaOKCaVT 3aCK- 
TpoailHaMHKIl [11, 13-16] IT npCaCKTlBaTb cymecTBOBaHHe HOBbIX HeH3BeCTHbIX 
paHee abaci niii aa c k Tp o m a r 1 1 ct itt m a . HanpHMep, aacKTpiT'iccKiTH aapaa q, noKO- 
hihithch b cpcac ([jittit'icckoto BaKyyMa (tiokohi hit ilea OTiiociTTcaiaio noBepxHO- 
cth 3 c via it) oyacT iTiiayniipoBaTb b OKpyvKaioineM npoeipaHCTBe ToabKo aacK- 
TpHHecKoe none E KyaOHOBCKoro Tuna 

E = q/R 1 (2.5) 

BHe 3aBHCHM0CTH ot toto, iiaoaioaacTca aTO none E b noKoaineiica BMecTe c 
aapaaoM q ciicTeMe OTcicTa, anoo b aBiTVKyineilca co CKopocTbio v OTiiociTTcaiaio 
aapaaa q (T.e. OTiiociTTcaiaio noBepxHocTH 3 c via it) CHCTeMe OTC'iCTa. AHajiorHH- 
HO, aBH>KyiHHHCH CO CKOpOCTbK) V B CpCaC c))IT3IT'ICCK0T0 BaKyyMa (nan aBITVKy- 
iniTiica co CKopocTbio v OTiiociTTcaiaio noBepxHocTH 3 c via it) aacKTpiT'iccKiTiT 3a- 
p na q oyacT ITiiayniipoBaTb b OKpyvKaioineM npoeipaHCTBe, noMHMo nepeMeHHo- 
ro bo BpeMeHii aacKTpiT'iccKoro noaa E, eme it MarHHTHoe none 

„ 1 qv . 

H = -^-sin^ (2.6) 

c R~ 

BHe 3aBHciiMocTH ot toto, iiaoaioaacTca aaimoc MarHHTHoe none H b iioroa- 
ineilca oTiiociTTcabiio noBepxHocTH 3 c via it chctcmc OTC'iCTa win b aBiTacymeilca 
BMecTe c Tapaaovi q chctcmc OTcicTa. /JpyriTviiT caonaviiT, aacKTpiT'iccKiTc it 
M arHHTHbie anaemia b ycaoBiTax OKoaoTCvnioro npocTpaHCTBa He anaaioTca ot- 
HocHTeabHbiMH it He 3aBiTcaT ot to'ikit Tpeima iiaGaiopaTcaa b oanoil huh apy- 
roil Bbi6paHHoil chctcmc OTcicTa, a onpeaeaaioTca coctohiiitcm noKoa huh anii- 
>KeHiM aapaaa OTiiociTTcaiaio noBepxHocTH MacciiBHoro rpaBiTTiTpyiomcro Tea a 
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3eMHH. Coctostiihc )xe noicofl huh tbh/Kciihst othochtcjibho noicajiBHOH npe- 

HMymeCTBeHHOH CHCTCMBI OTCHCTa, CB333HHOH C IIOBCpXIIOCTBIO ipaBHTHpyiO- 
mero Tena 3cmjih, aim jiio6oh BBiopaimoii chctcmbi OTCiCTa (Ha6nio/iaTeiia) stb- 
jmeTCfi y>Ke coctostiihcm a6conioTHBiM. CymecTBOBaHiie noicajiBHOH npeiiMyme- 

CTBGHHOH CHCTCMBI OTCiCTa RJlfL MeXaHHHCCKHX, 3JT C K Tp 0,1 H 1 1 a M HHCCKH X H OnTH- 
necKHX jiBneHHH, yBUCKacMoti BpamaioinuMHca MacciiBHBiMH rpaBHTHpyiomHMH 
hcocciibimh TenaMH, nerKO pa3peniaeT H3BCCTHyio npo6neMy (])H3 H'icckhx pa3- 
MepoB Bpamaiomuxca chctcm OTCiCTa. BMecTo bbo.thmbix b oomcii Teoprai ot- 
HOCHTeUBHOCTH [32], C (])H3HHCCK0H TO'IKH ipCIlHTI. (])OpMajTBHBIX H aOCTpak'TIlBIX 
OrpaHHHCHHH BH.Ta 

R<cJ co, (2.7) 

jroKaJTBHBic npcHMyiHCCTBCiiiiBic CHCTCMBI OTCiCTa b6hh3h rpaBHTiipyiomHX Ten 
onpcTCJUiiOT (])H3hhcckh o6ocHOBaHHBie pa3MepBi h MaccaMH Bpamaiomuxca 
CHCTeM, CBHianiiBix c paniiBiMH rpaBHTHpyiomHMH TenaMH b cJiynae hx Bpame- 
hi m. 

TaKHM o6pa30M, .Tonymcnnc cymccTBOBaima b peanBHOM npocTpaHCTBe 
cpc.TBi (])H3MHCCKoro BaxyyMa no3BonaeT He tojibko y/io bjtctB op htcjtbho odbhc- 
HHTB MHOTOHHCJieHHBie H3BCCTHBIC HBJTCIIHTI H yCTpaHHTB pa3JIHHHBie HMCIOIHHC- 
C5I B (|)H3HKC nyCTOTO npOCTpaHCTBa TpypilOCTH H napa.TOKCBI, HO H iipcncKasaTB 
HOBBie HeH3BecTHBie paHee hbjiciihm iipupopBi. 


3. IIoJiapH3auHOHHbie cbohctbs cpe^bi (J)H3HMecKoro Baicyyivia 

PaCCMOTpHM BiaHMO.TCHCTBHC TJTCKTpH'ICCKHX 3ap3flOB Q H q. ITOKOfllHHXCfl 
Ha paccTOJiHHH R .apyr ot /ipyra b cpc.TC ([msi-mccKoro BaxyyMa c .thtjtcktph'ic- 
ckoh npoHHH,aeMOCTBio e 0 = 1. Rna chubi B3a hmo.tchctbhst F 0 m c>K,Ty sapa.TaMH q 
h Q b 3tom cnynae mohciio aanncaTB 

F 0 =—■4 R - (2-8) 

e o 7? 3 

Ecjih TenepB paccMaTpHBaeMoe npocTpaHCTBO mok/iv sapjmaMH q h Q 3anon- 
HHTB eme O/lIIOpO.THOH /IH3JTC KTp H 'I C CKO H epe.TOH C TH 3.TC KTpH 'ICC KOii npOHH- 
HaCMOCTBIO £! (£! > £ 0 ), TO RJlfL CHUBI B3 aHM O.TC HCT BII ST Fj (2.8) M OK.Ty iapfl.TaMH 

q h Q oy.TCM ynce hmctb 

Ft=^4 R ’ (2-9) 

R i 

T.e. CHJia B3 a H \I O.tc ii CT B H ST B .TH3.it C KTp H 'I CC KO ii epe.TC OKa3BIBaCTC5T B £] pa3 
MeHBiue chubi B3a hmo.tchct b hst b o.thom (])H3H'icckom BaKyyMe. H, naKoncn, 
earn paccMOTpeTB b 3a hmo.tchctbhc 3thx >xe iapji.TOB q it Q eme b o.Tiiopo.TiioH 



240 


3JIEKTP0flHHAMHKA <MI3HHECKOrO BAKYYMA 


cpc/ic KaKoro-nnGo sjieKTponHTa, to b stom cuy'iac cnna b 3 a hmo.tc hgtbhji F 2 
m c>K,Ty 3 ap?i,ia\iH q h Q Ov/ict paBHa Hynio: 

F 2 = 0, (2.10) 

TaK KaK iapa.iBi q h Q oy.TVT cKO\mencnpoBanBi cbooo.tiibimh 3 apH,ia\iH q' h Q' 
ojreKTpoJiHTa, r^e q' = q h Q' = Q. 

TaKHM o6pa30M, Kor^a cnna b 3 a hmo.tchctbhh F 0 MOK.Ty iapa.iaMH q 11 Q 
paccMaipuBaeTCH b o.tiiom (])H3H'icckom BaKyyMe c a ht jtc kt p i-i h cckoh npomi- 
paeMOCTtio e 0 =l, to cnna B3a hmo.tc ii ctbh >1 MOK.iy iapa.iaMH iimcct Maxell - 
MajitHoe 3HaHeHne F 0 (2.8). Kor^a 5Ke (|)H3HHecKHH BaKyyM 3ano:iHJieTC5i THSJieK- 

TpHKOM C ,TH3JTCKTpI-l'ICCKOH npOHHUaCMOCTBIO £1 > So, npCTCTaBJITIOIHUM C 060 H 
peantHo omyTHMyio MaTepmo, HMeromeii 3epHncToe CTpoemie (MoneKynupHoe 
CTpoeHne), npn'icM TapaTsi Kaac^oro 3epHa (MoneKynti) HMeioT bo3mo>khoct£ 
cmciiuitbct otiiochtcjibiio Tpyr /ipyra Ha HeKOTopoe He3HaHHTenBHoe paccToa- 
HHe l\ (T.e. no:iapH30BaTi>cfl) b npucyTCTBim BHeniHero 3JieKTpiiHecKoro nona, to 
cnna BBaHMO.pcHCTBHJi Fi (2.9) MOK/iy iapa.iaviH q 11 Q yMcnBinacTca b Si pa3. 
Rim BeKTopa noJiapH3aipiH Pi /i h tt c KTp h h c cko ii cpc.TBi £] b stom cnynae moscho 
3anHcaTt 

Pi = §<?li, (2.11) 

r/ic 6q - noJMpii3au,HOHHBiH lapyu ctwihhbi o6i.eMa .TmiieKTpHKa Sj. M 3 (2.9) 

BHflHO, 'ITO yBCJTHHeime nOIMpH3aU,HOHH£IX CBOHCTB Ka>K.TOH .IHCKpCTIlOH 'iaCTH- 
h,bi (MoneKyjiBi) ,ths.bcKT pii'icc ko ii cpeaBi, T.e. yBCJiriHcime bc.th i ihiibi cMemeHiiH 
noJi3pn3au,noHHBix lapa/ioB 5 q .to V\ (/' > /|) h BCKTopa noTTprnannn ot Pi .to 

Pi(Pi>P.), 

P! = 5^ 1'! (2.12) 

eooTBeTCTByeT yBCTH'ienHio .t hsji e KTp mice koh nponnuacMOCTii .to bcth'ihiibi 
e'i > £1 h yMeHBmeHHio chjibi b 3 an mo.tchctbhh .to F'i > Fj. Cne^OBaTenBHO, cnna 
B3aHMOaeHCTBH)I F (2.9) MC/K.Ty 3apT,Ta\fH q II Q B peajIBHOH THCKpeTIlOH Cpe.TC, 
Ka>KTaT HacTupa KOTopoil HMeeT lapa/ioBoe CTpoenne, He oy.TCT paBHa Hynio .to 
T ex nop, noxa npn noTTprnaniiH Ka>K.Tori nacmijBi cpeABi CMemeHHe nojniprna- 
HHOHHBIX iapjITOB ()(/ HX / Tpyr OT Tpyra He Oy.TCT HMeTB TaKyiO BCTH'IHIiy 
l "i » l\, Kor/ia HcicsacT CTpyiaypHoe lapji.TOBoe CTpoeHHe Ka>K.Toii nacTmjbi 
(T.e. Ka>K,TaT Monexyna HOHH3npyeTca, h cnna b 3 a itmo.tc ii c t b h t MOK.Ty ee pa3- 
HOHMeHHBiMH lapa/raMii nepecTaeT cymecTBOBaTB). B cnynae >Ke rioMcmcniiT 
3apT.TOB q h Q b cpc.Ty 3JieKTponHTa, r/ic noJiapii3aiTHOHH£ie iapa.TBi cpc.TBi (no- 
JIO>KHTeJIBHBie H OTpHUaTCTBIlBIC HOHBl) IiaXO.TTTCT B CBOOOTIIOM COCTOJIIIHII H 
MoryT cmciiuitbct Ha t 1060 c npoH3BonBHoe paccTOTimc / 2 (/ 2 > l'\ > 1\) Tpyr ot 
.T pyra, cnna b 3 a hmo.tc il ctbht F 2 (2.10) MOK.Ty sthmh iapTTaviH OKa3BiBacTCT 
paBHOH iiy.Tio. OopMajiBHO ansi BCKTopa noTTpusann h P 2 b stom cnynae movki 10 


3anncaTB 


P 2 = 6 q 1 2 


00 . 


(2.13) 
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AHanH3Hpya BbimccKaiaimoc, movkiio c.ic.iaTb cneayromiie bbiboabi. Ecjih 
lapa.ibi q h Q naxo.iHTCH b pca.ibiioii MaTepnantHon cpeac (b ,i h a a e KTp i-i h c c ko h 
cpeac), HMeiomeH 3epHncToe lapa.ioBoe cipoeime (xio.icKy.isipnoc lapsnoBoe 
CTpoemie), h lapa.ibi Kaacaoro 3epHa, BBii.iy Ha nwmsi 6ojii>hihx BHyrpeHHiix yn- 
pyrux chji, HMeioT MHHHMajitHyio cnoco6HocTt yaamnbcfi npyr ot .ipyra npn 
noJi3pn3au,HH (anajieKTpHHecKaa nocioHimaa ei xmniiMaibna), to CHJia B3aHMO- 
aencTBiM Fi (2.9) MOK'ay lapn.iaxiH q h Q OKa3BiBaeTcn MaKCHMajiBHOH. Ecuh >Ke 
b cpe.ic (])H3H'iccKoro BaKyyvia AHSJieKTpHHecKan nocioHimaa e 0 xmnuxia.ibiia no 
go eft BenHHHHe, ho He paBHa Hynio, h cnna BiaiixioncftcTBHH xioK.iy lapa.iaxni q 
h Q HMeeT CBoe MaKcuxianbHoc inaHenirc, to, noniHecKii paccy>K/iayi, ociacTca 
aonycTHTB, hto MaTepnanbHaa cpe.ia (])H3HHCCKoro BaKyyvia HMeeT 3epHHCToe 
lapnoBoe cTpoeHiie, n cTeneHb nonnproaipi h Ka>K,ioro .iHCKpeinoro 3epHa Ba- 
KyyMHOH cpe/ibi HMeeT MiiHiiMajiBHoe nia'icnuc. Hcxonn >Ke H3 HaHMeHbiueH 
BenHHHHbi BeKTopa noJinpimiiHH P 0 cpc.ibi (j)H3HHecKoro BaKyyvia 

Po = A<7oS1o, (2.14) 

MO)KHO 3aKJHOHHTB, HTO pa3MepbI .IHCKpCTIlblX 3epeH 3TOH CpC/lbl, no KpailHeft 
Mepe, bo MHoro pa3 MeHbiue pa3MepoB 3epeH oobi'nibix iJicxicniapiibix HacTiiu, 
(aTOMOB, MoneKyn) pca.ibiibix xiaTepnaabiibix cpe.i. H 3 (2.14) bh/hio, hto ecnn 
obi xio>Kiio obi.io ycTaHOBHTB aciicTBUTcabnyio BennnuHy cxicmeniiH 5/ 0 
no-iipiiiannoimbix lapa.ioB A q b BaKyyvraoft cpe.ic, to mo>kho 6bijio obi 
yCTaHOBHTB H njIOTHOCTB p 0 iapi.lOB BaKyyMHOH cpcabl 


A^o [Kji] Kji 

a>= , 7^ = a<? o —r 


IIpHHHMaa BO BHHM3HHe, HTO .1.3H OlIIOpOlIIOH ,1 H3JI C KTp HHCCKOft CpC.lbl E Cnpa- 


BeaJiHBa 3annci> 

D = e 0 E 0 + P, (2.16) 

rae E 0 - 3-iCKTpH'iccKoc none b BaKyyMHOH cpe.ic, 

D = eE 0 - BeKTop cxiemcniui b i 113.1 eKTpn'ice ko ii cpe.ic, 

P - BeKTop nOJI3pH3aU,HH ,1H3-1CKip H H CC KO ft CpC.lbl, 

Po = SoEo - BeKTop no-iipii ianiiH BaKyyMHOH cpc.ibi, 

BBipa>KeHHe (2.14) mo>kho npeicTaBiiTb eme b bh.ic 

e 0 E 0 = Aq () 8\. (2.17) 

CooTBeTCTBeHHo, h Bbipa>KeHHe (2.11) b 3tom c.iy'iac mo>kho nepenncaTB 

(e- e 0 )E 0 = 8q 1,. (2.18) 

H3 (2.17), (2.18) HaxonnM 

A 9o =^ L (2.19) 

o/ 0 


H 


§q = (e - 


(2.20) 
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OTKyna cnc/iycT. hto japa/i Ac/ BaKyyMHOH cpe/ibi b c/ihiihiic o6i>eMa npn 
5/« /1 .hojdkch HaMHoro npeBtimaTt BenHHHHy nojwpimpHOHHoro japa/ia 5 q 
jiio6bix peanBHBix MaTepnajiBHBix cpe/i (ra3, >kh,tkoctb. TBep/ioc Teno) 

Aq»8q. (2.21) 

TaKHM o6pa30M, hcxohh h 3 o6meH3BecTHBix npc.icTaB.Tcniiii o AHSJieKTpii- 
HecKoil ripoimnacMOCTH h nonapH3apnoHHBix cbohctb BaKyyMHOH cpe/ibi, Ha 
HanajiBHOM 3Tane iiccnc/iOBaiiHH npeflCTaBnaeTca bobmovkiioctb ycTaHOBHTB c 
onpencncimoii pocTOBcpnocTBio cymecTBOBaHne y BaKyyMHOH cpe/ibi KaK onpe- 
^eneHHOH /iHCKpeTiioil CTpyKTypBi, Tax h BHyipeHHHX chji ynpyrocm 3JieKTpo- 
MarHHTHOH npiipOABI. y CT a 110 BJT CIIHC KOHKpeTHOrO CTpyKTypHOrO CTpOeHIM Ka- 
/K.ioro 3epHa BaKyyMHOH cpe^Bi h KOHKpeTHoro MexaHH3Ma b 3 a m m o/i c li c t b 11 a hx 
h T./p Ha HanajiBHOM 3Tanc nccne^OBaHiui npe/iCTaBJiacTCfl hhcto rHiioTCTH'ic- 
ckhm, h paccMOTpeHHe 3 thx BonpocoB HB.uicTCJi noKa npc> k, 3 c b pc m ci m b i m. Bbh- 

jxy OTCyTCTBIM B03M05KH0CTH yCTaHOBHTB B3aHMOCB33B OOIIIHX KHIICTHHCCKHX 
CBOHCTB .THCKpCTIlOH BaKyyMHOH CpC.TBI C KaKHMH-JIHOO MaKpOCKO 11 IT I CC K HM H 
hbjiciihhmh peajiBHOH ^eHCTBHTenBHOCTH, ocTacTca otkpbitbim noKa H Bonpoc o 
XapaKTepe /IBHVKCIIHJI HaCTHU, BaKyyMHOH CpC/lBI. HcXO/W H3 H30Tp0nH0CTH H 
OflHOpOflHOCTH CBOHCTB BaKyyMHOH CpC.TBI. npC/lCTaBJIflCTCfl B03M0>KH0CTB ,10- 
nycTHTB, hto Bee .THCKpcTiiBic HacTHH,Bi BaKyyMHOH cpe/ibi, no Kpaiiiicii Mepe, 
AOIdkhbi 6bitb to>k,tcctbciiiibi no cbohm CBOHCTBaM h pa3MepaM. 


4. nepe^ana 3JieKTpHHecKHX chji B3anM03CHC ibhh nepe3 
npocTpaHCTBO (j)H3HMecKoro BaKyyMa 

PaCCMOTpHM B3aHMO,TCiiCTBHC 2-X Sapfl.TOB q H Q. IiaXO/lHIHHXCH Ha pac- 
ctomhhh R .npyr ot apyra b cpe,ne <})H3HHecKoro BaKyyMa (puc. 14). hckjiio- 
hchim 3aMeTHoro bjihjihhji 3JicKTpnHCCKoro noun npo6Horo iapa/ia q Ha bjtck- 
TpunecKoe none aapfl/ia Q 1 BCJiiTii-ma japa/ia q oepeTCfl mhoto mciibiiich bcjihhh- 
hbi 3apxm Q (q « Q). Ot B3aHMHoro c6jih>kciihh iapa/iBi q ii Q y,icp>KHBaioTCH 
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Phc. 14 


chjioh peaKi;nn F^ = F Pi . chubi 3JicKTpn'iccKoro BTaiiMo/iciicTBiivi F McvK/iy 
Tapa/raviii movkiio 3anncaTi> 

F = -^ T R, (2.22) 

£o^ 

r/ic e 0 - ,T h tji c k T p h h c c k a a nocToaHHaa BaKyyMHOH cpc.TBi. 

TaK KaK noJiovKeHiie Tapn/ioB q h Q He mciihctch fiapa/iBi q\\Q naxo.THTCH b 
noKoe oTHocHTenbHo Jia6opaTopHOH chctcmbi OTCHera), to tjicktphhcckoc none 
ot 3thx lapa/ioB b KavK/ioii tohkc npocTpaHCTBa ocraeTCfl nocTomniBiM no Benn- 
nuHe h HanpaBJieHnio. Cnna F 2 i, .TciicTByiomavi Ha npo6Hbin 3ap an q co CTopoHbi 
iapa/ia Q, .TciicTBycT Ha Hero l icpc3 npocTpaHCTBO A—B MCVK.Ty japa/raviH q h Q. 
AHanorHHHbie bbiboabi movkiio c/icnaTB h ana chubi F l2 , .TcricTByiomcri Ha japm 
Q co CTopoiiBi japa/ia q. Ilepe^ana chji BTaiiMO/iericTBiivi F i2 h F 2 i iapa/ioB q\\Q 
Hcpci a6conioTHO nycToe npocTpaHCTBO, c (jirnriHCCKoii tohkh Tpcimvi. HeB03- 
MOVKiia. noaTOMy cnc/iycT yTBcpvK.TaTB, hto cnna b 3a hmo.tchgtbhh F t2 h F 2 i Me- 
VK/iy japa/raviH q n Q iicpc/iacTcvi l icpc3 npocTpaHCTBO A-B tojibko onaro/iapvi 
HajiHHHio b 3tom npocTpaHCTBe Mar cpiiajTBiioii cpc/ici (])H3H'iccKoro BaKyyvia. Fie 
B.iaBaVICB B riinOTCTH'ICCKHC nO.ipOOHOCTH KOHKpeTHOH IipiipO/lBI CHU B3aHMO- 
.TCHctbiivi MCVK.iy 'iacTHiuiMH BaKyyMHOH cpc.TBi, c onpc.Tcncimoii /locTOBcpno- 
CTBK) MOVKIIO yTBCpVK.TaTB, HTO CHJia B3aHMO.TCHCTBHII MCVK.Ty japfl/iaMH q II Q IIC 
MOVKeT obitb ooycnoBnciia KaKHM-nHOo iianpaBJiciniBiM .tbhvkciihcm MaTepnn 
3 thx sapa/ioB ot o.Tiioro japa/ia k .Tpyroviy jih6o iianpaBJieimBivr nepeMemeHneM 
nacTHU, BaKyyMHOH cpc.TBi ot o.Tiioro japa/ia k .Tpyroviy. Ecjih obi nocTomiCTBO 
chubi B3aHMoaeHCTBiui MCVK.Ty Tapa/iaviH q ii Q 6bijio 6bi oSycnoBJieHo nocToviii- 
hbim nepeMemeHneM MaTepmi sthx iapa/ioB /ipyr k /ipyry huh MaTepnn cpc.TBi 
cJ)H3HHecKoro BaKyyMa ot o.Tiioro iapa/ia k .TpyroMy. to 3to npHBeno 6 bi k 6ec- 
KOHeHHOMy nepeKanuBaHHio MaTepnn ot o.Tiioro lapa/ia k .Tpyroviy. hto, b ko- 
HeHHOM cneTe, .tohvkiio obuio 6bi npuBecTH jihoo k HCTomeHHio MaTepnn sapvi- 
,TOB H HCTomeHHio HX 3HeprHH, JIIl6o K 6eCKOHeHHOH KOIlUCIITpailHH MaTepHH 
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3thx 3apfl/ioB huh cpe3Bi c|)H 3 HHCCKoro BaKyyMa b6hh3h sthx aapa.ioB, h 6ecK0- 
HeHHOMy BBiaeneHHio 3HepmH. Eonee npneivuieMoe, c (|ih3hhcckoh tohkh 3 pe- 
hhh, npcACTaBjicime o ncpc.ia'ic chji b 3 a hm 03 c li c t b h 3 mc/Ktiv 3 apa,Ba\fH Hcpei 
cpcpy (|)H 3 H'iccKoro BaxyyMa movkct 6bitb ocHOBaHO Ha /lonymeimiK hto MaTe- 
pna caMHX iapa.ioB He pacceiiBaeTcn b OKpyvKaiomcc npocTpaHCTBO, a \iaTcpna 
BaKyyMHOH cpc,3Bi b cpe/iircM naxo.BHTCfl b coctouhiih noRoa (b CTaTHKe) otho- 
CHTentHO paccMaTpiiBaeMBix sneKTpHHecKHX sapji.iOB q h Q. 

BtiAenHM b npocTpaHCTBe A—B \10R3y lapa.iaMH npocTpaHCTBO Av, orpa- 
nn'icimoe 3 By via napajinentHtiMH nnocKOCTHMH S) h So, iiaxo.iHiiiHMHCH Ha pac- 
ctojihhh d ,ip\T ot .ipyra (puc. 14 ). Tax KaK B 3 a mm 0.3cil ct b 11 e \ic>Kpy 3apa,3a\fH q 
h Q He Mo>KeT dbitb nepe3ano, MHiiyfl BbmeneHHbiH o6beM Av, to cac3ycT 30- 
nycTHTb, hto k neBOH nacTH 3a micro o6beMa Vi k nnocKOCTH S \ co CTopoHbi 
o6beMa V| c iapa.TOM q /icn/Kira 6biTb iipHHO>RCira pe 3 ynbTHpyiomaa CHJia F12, 
KOTopaa HBnaeTca chjioh /ichctbhsi iapa.ia q Ha iapa.i Q. Co CTopoHbi o6beMa V2 
c 3 apfl/io\f Q Ha npaByio nnocKOCTb So o6beMa Av 303 >Rira 6biTb npHHO>RCira, 
eooTBeTCTBeHHO, peayabTiipy loman CHna F21, KOTopan jibhhctcji chuoh 3Chctbhji 
aapa.aa Q Ha 3 ap «3 q. Ecjih 6bi MOKpy c|)H 3 HHecKH MaTepnajibHbiMH o6beMaMH Vi 
h v 2 OTcyTCTBOBan cBynbiBaiomnH 3 th jxsa o6beMa MaTepnanbHbiH o6beM Av, to 
chjibi F 12 h F 2 i, .TCHCTByiomnc MOK.Ty 3apa,3a\m q h Q. nepecTann 6bi cymecT- 
BOBaTb. /IpyrHMH cnoBaMH, jiio6yio nnocKOCTb, npoBC/ieimyio \10R3y 3 By via 
B 3 aHMOaeHCTByiOmHMH 3 apfl 3 aMH q H Q. MO)KHO CHHTaTb IUIOGKOCTbK) B 3 aHMO- 
3 CHCTBI 151 . K 03 noil H .ipVTOH CTOpOHe KOTOpOH 303 /RIIbI 6 bITb npHHO/RCII bl CHJIbl 
F12 h F 2 i, paBHbie CHne b 3 a h m 03 c hctbhh F ( 2 . 22 ) MC>K' 3 y 3 amiBiMH iapa.iaviH. 
TaK KaK b paccMaTpHBaeMOM cjiynae k o 6 beMy Av c 03 noil h apyroil ero CTopo¬ 
Hbi npHHOVKCHBi chjibi F12 h F 2 i (F12 = F 2 i), to TaKoe npHHORenrie chji k o 6 beMy 
bo3mo>kho T 03 BK 0 3 HIHB b tom cjiynae, ecjin 3 aHHbiH o 6 beM Av 06333 a ct onpe- 
3 eneHHbiMH BHyTpeHHHMH CHJiaMH ynpyrocTH F y i h F y2 (puc. 15 ), b npoTHBHOM 
cay'iac chjibi F 12 h F 2 i 303>kiibi 6buih 6 bi pa 3 opBaTb stot o 6 beM. Ch3bi ynpyro- 
cth F yl h F y2 , npenuTCTByioiiiHC pacTHVKCimio o 6 beMa Av, 3B3jictc3 toh caMoii 


0 



ll 
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chjioh, KOTopaa, cTpeviacB cacaTB oobcm Av /io HeB03MymeHHoro cocToaHiia, 
npHTarHBaeT jieByio miocKOCTB S i o6i.eMa Av, c npmioaceHHOH k Hen chuoh F 2 , 
b HanpaBJieHHH k /ipyroMy lapa/iy Q. JleBaa miocKOCTB S\ oobcmh Av, b cboio 
OH epe^b, 3a cict /iciicTBiia ynpyrux chji F y i ; yBjieKaer 3a co6oh oobcm Vi BMecTe 
c sapa.ioM q b HanpaBJieHHH k japa/iy Q, oSycjioBJiiiBaa cymecTBOBaHne chjibi 
F 2 i. IIpH 3 tom CHJia ynpyrocTH F y2 KOMneHcupyeT paciarnBaiomyio cnjiy F 2 i h 
aBJiaeTca chuoh /ichctbiui o6i>c\ta Av Ha o6bcm v 2 c 3apa/ioM Q. TaKHM o6pa30M, 
chjibi ynpyrocTH F y] h F y2 o6i>c\ta Av aBJiaioTca CHJiaMH, npuTarnBaiomuMH 3a- 
pa/ibi q h Q k /laiiiioMy o6i.eMy Av, T.e., b koiichiiom chctc, npuTaniBaiomuMH 
pamiBic 3apa/ii,i jipyr k /ipyry. Hmchho /lainiBiMii onpeaeJieHHbiMH Bbirne BHyT- 
peHHHMH CHJiaMH ynpyrocTH F yl h F y2 o6i.eMa Av onpe/ieJiacTca cbohctbo oob- 
eMa Av cJ)H3HHecKoro BaKyyMa obitb CBaiBiBaioimiM 3 bchom b nepc/ia'ic chjibi 
B 3aHMoaeHCTBiw Hcpci Hero ot aapa/ioB q h Q. llpineM oTpuuaHne iiajin'ina 
TaKHX BHyTpeHHHX CHJI ynpyTOCTH B C B SI3 BIB a 10111C M o6l.eMe Av (J)H3HHeCKOrO 
BaxyyMa npiiBO/uiT k HapyiueHHio Been MexaHHKH B3a hmotic ii ctbh a japa/ion Ha 
paccToaHHH n He mo/Kxt 6bitb paccMOTpeHo naacc b KanecTBe /lonymeima. 

Tax KaK chjibi F 12 h F 21 , /iciicTByioiHue Ha bbi/icjiciiiibih o6bcm Av cneBa h 
cnpaBa, aBJiaioTca CHJiaMH ancRTpii'iccKoro npoiicxo/K/icima. to sto mo>kct 
HM eTB MecTo tojibko b tom cjiynae, ecjin Ha jieBoii n npaBoii nnocKocTax S\ h S 2 , 
orpaiiH'iHBaioiHHX o6bcm Av, HMeiOTca pacnpe/iCJiciniBie bjicktph'icckhc 3apa/ii,i 
A Qi n AQ 2 cooTBeTCTBeHHo. ripii'icM cJic/iycT otmcthtb, hto o6pa30BaBmneca 
Ha noBepxHOCTax 5) h S 2 o6BeMa Av bjicktpihicckhc iapa/ibi pa3Horo 3HaKa A Q x 
n A Q 2 (A Qi = A Q 2 ) B03HHKJIH He H3-3a BBcpcima b painiBiii o6bcm Av KaKHX-TO 
nocTopoHHiix 3apa/ioB, a 3 a chct noJiapH3au,HH lapa/iou BaKyyMiioii cpe/iBi, ko- 
TopBie yace hmcjihcb b stom bbi/icjiciiiiom o6bcmc Av b c ko m n e 11 c h po b a 1 m om 
cocToaHHH. (3,ii raKO. npn ycJiOBiin paBeHCTBa noJiapH3au,HOHHBix aapa/ioB A Q\ h 
A(3 2 BaKyyMHOH cpe/ibi Ha nnocKOCTax S\ h S 2 , pe3yjiBTHpyiomaa CHJia F x , /icii- 
CTByiomaa Ha aapa/iBi AQ X JieBoii nnocKOCTH S\ o6BeMa Av co ctopohbi aapa/ioB 
q\\Q 




50 , 


(2.23) 


0Ka3BiBaeTca, Boo6me-To, v>kc He paBHoii pe3yjiBTiipyiomeH cnjie F 2 , /iciicT- 
ByiomeH Ha 3apa/ii,i AQ 2 npaBoii nnocKOCTH S 2 3 Toro ace o6BeMa Av co ctopohbi 
iapa/iOB quQ 

sQim , v 




-+qY} 


(2.24) 


r/ic r, - paccToaHne ot 3 apa/ia q /10 3JicMeiiTapnoro iapa/ia AQ U Ha JieBoii nnoc- 
KOCTH .S' 1 , 
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rj - paccTWffliie ot iapa.Ta Q to sneMeHTapHoro aapa.ia AQy Ha neBOH nnoc- 
KOCTH .S'|, 

r m - paccTOJmne ot iapn.Ta q /io sncMciiTapnoro aapa.ia AQ 2m Ha npaBOH 
nnocKOCTH S 2 , 

r n — paccTOUHiie ot iapa/ia Q 710 TTCMCiiTapiioro aapa.ia AQ 2n Ha npaBOH 
nnocKOCTH S 2 . 

Bbhty toto, hto pc 3 ynBTnpyiomne sneKTpiiHCCKHC chtbi (2.23) h F 2 (2.24), 
TciicTByiomiic cneBa h cnpaBa Ha BBmeneHHBin oobcm Av cnon BaKyyMHOH cpe- 
fji touhihhoh d, npoTHBonono>KHBi no HanpaBnemiio h He o.TmiaKOBBi no Benn- 
HHHe, to nna pe 3 yni>THpyiomeH chubi F p , .TciicTByiomeH Ha oobcm Av, movkiio 
3 anncaTB 



huh 

F p = F l -F 2 ^0. (2.26) 

H 3 (2.26) iicnocpc.TCTBCimo cne^yeT, hto npn nonnpH3au,HH nio6oro BBmeneH- 
hoto o6BeMa Av BaKyyMHOH cpc.TBi b ttcktphhcckom none E q h E q BHeniHHX He 
paBHBix no BeJiHHHHe iapa.TOB q h Q, Ha .TaimBiii BBiTcnciiiiBiii o6BeM Av BaKy¬ 
yMHOH cpc.TBi MO/KCT TeiicTBOBaTB He paBHaa Hyjno pe3ynBTHpyioman cut a F p , 
KOTopan ov.tct crpeMHTBca cmccthtb TainiBiii oobcm Av b HanpaBJieHHH k 
6onBiueMy iapn.Ty Q. BnonHe ecTecTBeHHo, hto b ttcktph'icckom none E 6onB- 
rnero no BennHHHe othhohhoto iapa.Ta Q He paBiiaa Hynio peiynBTHpyiomaa 
cnna F p (2.26) ov.tct cTpeMHTBca cmccthtb mo6on bbitctciiiibui oobcm Av Ba¬ 
KyyMHOH cpc.TBi b HanpaBneHim k .TamioMy iapn.Ty (Q. hto toh>kho npiiBecTH k 
onpc.TcncinioMy yBemiHeHnio nnoTHOCTH BaKyyMHOH cpc.TBi b on 11311 lapa.Ta Q. B 
cnynae b 3 a 11 mo.tchctbhh tbvx ttcktphhcckhx lapa.TOB q h Q, oonBinaa nnoT- 
hoctb BaKyyMHOH cpc.TBi b6th3h 6onBiuero no BennHHHe TTCKTpii'iccKoro 3apa- 
Ta Q C03,TacT enny TaBncmoi F a , KOTopaa OKaiBiBacTca paBHOH pe3ynBTiipyio- 
mcii enne F p (2.26) h KOMneHcupyeT ee. 

TaKHM o6pa30M, ynce nepBBie, e (])H3hhcckoh tohkh ipeiiiia, ooocnoBainiBic 
nOnBITKH lipCTCTaBHTB MeXaHH3M nepCTa'IH 3TC KTp II l I C C K II X CHn B3aiIMO,TCiiCT- 
Biia MOK.Ty aapa.iaMii Hcpci npocTpaHCTBO (jvi'iiiHCCKoro BaKyyMa, epa3y ace Ha- 
TanKHBaioTcn KaK Ha iicooxo.tiimoctb ycTanoBncima ynpyrux 3ncKTpnHCCKH.x 
cbohctb BaKyyMHOH cpc.TBi, TaK h Ha ycTaHOBneHne BaacHoro CBOHCTBa BaKyyM¬ 
HOH cpc.TBi ynnOTIIJITBCJI B0TH3II TTCKTpiIHCCKHX lapilTOB. 
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5. 3aKOH KyjioHa b cpe,ae (JnoHHecicoro BaKyyMa 


YHiiTHBaa noJiapHiaiuioniiBic CBoiiCTBa BaKyyMHOH cpenti, OKa3BiBaeTca 
B03M0)KHBIM HaHTH, C (})H3H l ICCKOH TO'IKH ipCHIia. OOHCC IipHCMHCMOC HCTOJIKO- 
BaHHe (})H3h i icckoh cymnocTH TeopeMti OcTporpa.ic ko ro - Taycca 

j)Ec?S = 4jrg'. (2.27) 

5 

CornacHO (2.27), Ha jik)6oh cc|)epnHCCKOH noBepxHOCTH S pa.inyca R, oKpy- 
vKaiomcH lapa.i (Q. Ha Biiyipcnncn ee noBepxHOCTH nn.iynnpycica pa3HOHMeH- 
hbih 3ap fin Q', paBHBiH lapa.iy Q, a Ha Bncmncii - o,inon\icnni>iH lapa.i Q", 
onan> vkc paBHBiH 3apa.iv Q, T.e. 

§E n dS = E n 4uR 2 = 4it Q (2.28) 

s 


huh, c yneTOM (2.27), 


Q=Q'. (2.29) 

B naHHOM cnyqae lapa.iBi pa3Htix 3HaKOB Q’ h Q" Ha moooii cijicpe pa.inyca R b 
peantHOM npocTpaHCTBe ([inin'iccKoro BaxyyMa, OKpy>KaK)meH lapa.i Q. npc.i- 
CTaBJiaioT co6oh hh hto HHoe, KaK naiapmannonnwc lapa.iBi BaKyyMHOH cpe- 
,ibi. Onpc/icnaa iuiothoctb a' naiapmanHonnBix lapa/ion BaKyyMHOH cpc.ibi Ha 
noBepxHOCTH c(])cpBi S pa.inyca R 


-■-A 

4kR 2 

h yMHO>Kaa ee Ha 6e3pa3MepHyio Bcnii'inny 4 ti 

4na' = \ = E, 
R 2 


(2.30) 

(2.31) 


HaxonHM H3BecTHyio xapaKTepucTHKy nanpavKennocTH aneKipunecKoro non a E 
lapa.ia Q. H 3 (2.31) ncnocpc.iciBcnno cnc/iycT. hto nanpavKennocTB incKTpH'ic- 
CKoro non a E lapa.ia Q Ha paccioannn R ot Hero onpc/icnacTca, b nonHOM co- 
rnacHH c npiiHunnoM 6a 113 k 0/1 ciic tbh a, cyMMapHOH BeniiHHHOH nonapmannon- 
hbix iapa.ioB Q' BaKyyMHOH cpc.iBi Ha noBepxHOCTH aJicpBi S pa.inyca R. C cjiii- 
3HHecKOH tohkh ipcnna. no/ioonaa imicpnpcTanna nanpavKcnnocin lacKTpu'ic- 
CKoro no.ia E Ha paccToannn R ot lapa.ia Q ncpci nn.iynnpoBaniiBin b BaKyyM¬ 
HOH cpc.ic Ha 3tom >kc paccionnini nonapniannoniiBin lapa.i Q' . npc.iciaBJiacica 
6onee npneMJieMOH no cpaBHeHHio c H3BecTHon 3aBHCHMocTBio Bii.ia 

r- Q 
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ocHOBaHHOH Ha (])op\TajTMio\T npeflCTaBneHHH nepenaHH .iciicTBiia Ha paccTOi- 
HHe (Ha npnHuime ^ajiBHoaencTBUii). C yiCTOM (2.31) npeflCTaBJMeTca bo3mo>k- 
hoh h HOBaa HHTepnpeTauiM b 3a h m o,i c ii c t b 11 a 2-x lapnoB q h Q. iiaxoianuixca 
Ha paccTOXHHH R .ipyr ot ipyra, ociiOBaimaa Ha npnHunne O-iHiKO/iciicTBiia. 

F = Eq = —=-q = 4xcr q , (2.33) 

R 

cornacHO KOTopofi cnjia B3a 11 m 0.3cii ct b 11 a F \ic>K,iy lapa.iaMH q h Q. onpeaenae- 
Maa 3aKOHOM KynoHa 



OKa3tiBaeTcx o6ycnoBneHHOH He a6cTpaKTHBiM, no cBoeMy cymecTBy, B3anMo- 
.ICMCTBHCM 3THX lapa.lOB Ha paCCTOHHHH, KaK 3TO OOIUCnpilIiaTO CIHTaTB. a 
B3aHMO^eHCTBHeM 03 1 10ro lapa.ia q c iioiipnianHOimBiMH lapa.iaMii Q' BaKyyM¬ 
HOH cpe.ibi ot ipyroro iapa,ia Q. KOTopBie naxo.iaica b i i c n oc p c/ict b e i hi oii 6 jih- 
30CTH ot nepBoro lapa.ia q huh Hao6opoT. Ecjih >Ke npn paccMOTpeHim B3aHM0- 
.IciicTBiia 2-x lapa.lOB q 11 Q b BaKyyMHOH cpe.ic ([lyiiKiiiiona.iBiioii 3aBHCHM0- 
CTBK) Bill a (2.33), HCX01I11B H3 60JICC IipHCM.lCMOrO, C (])H3HHCCK0H TO'IKH 3pe- 
hhh, npiiHunna 61113 ko,ichotb h a. to 3araici> 3aK0Ha KynoHa (2.34) npiiHHMaeT 

HeCKOJIBKO HCOOBIHIIBIH Bill 

F = 4rar 'q—. (2.35) 

R 

Ecuh >Ke eme ,ionycTHTB. hto npo6HBin lapa.i q npeiCTaB.iaeT co 6 oh pacnpe.ic- 
neHHBiH c nnoTHocTBio o Ha sneMeHTe A5 afiepii'iccKOH noBepxHocTii AS = jtA r 
iapa.i q = oA S, to .in chjibi BiaiiMO/iciicTBiia F (2.33) \tc>K,iy 3 thm lapa.ioM q 11 
noJi3pH3aiiHOHHBiM lapa.ioM Q' BaKyyMHOH cpc.ibi, nii,iynnpoBaiiiroro lapa.ioM 
Q mo>kho oy/iei larwcaTB 

F = 4jia'aAS'. (2.36) 

Onpe.ic.ieimaa TaKHM o6pa30M c])yiiKiiiioiia.iBiiaa 3aBHCHM0CTB (2.36) ycTaHaB- 


jiiiBaeT Heii3BecTHBiH paHee 3aK0H BiaiiMO/iciicTBiia nojiapH3apHOHHBix aapa.ioB 
BaKyyMHOH cpc/iBi Q' Ha ct])epe pa.myca R c peanBHBiMii noBepxHOCTHBiMH 3a- 
panaMii oA S , iiaxo,iamn\inca Ha stoh ace c(J»epe. TaK KaK pa3H0HMeHHBie no.ia- 
pH3apH0HHBie lapa.iBi Q' 11 Q" BaKyyMHOH cpe/ibi KaKoro-nnGo BBi/icJicimoro 
ynacTKa AS noBepxHocTii afiepBi S, oxBaTBiBaiomeii iapa,i (Q. TaK>KC movkiio pac- 
CMaTpiiBaTB KaK b 3a h\ io,iciic tb yio11uie noBepxHOCTHBie lapa.iBi, to (j)ynKnno- 
HaJIBHai 3aBHCHM0CTB (2.36) IT03B0.11CT OUCIIHTB BHyTpeHHHe 3-1C KTp IIH C C K H C 


chubi ynpyrocra b BaKyyMHOH cpe.ic b bh.ic 

F y = 47io ' 2 AS. (2.37) 

/(jti npoBepKH cnpaBci-iiiBOCTii (2.37) npe.ino.iovKHM. hto no-iapmauiioimwc 
lapa.iBi BaKyyMHOH cpc.iu pa3Horo 3HaKa Q' n Q" CMemeHBi othochtcjibho pac- 
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CMaTpuBaeMOH noBepxHocTH ccjiepBi 5 Ha paccTOJfflue 5//2 ot Hee, rpc 5/ - toji- 
miraa noji3pH3au,noHHoro cnofl BaKyyMHOH cpeABi. B stom cjiynae, earn ripii- 
MTb bo BHHMaHHe, hto CMcmciiiic noiMpH3au,HOHHoro japa/ia Q' Ha yiacTKC A5 
ctJiepHHecKOH noBepxHocTH Ha pac'CTOHiimi R ot japa/ia Q pojdkho 6bitb CBjm- 
ho co cBepmeHneM paooTBi 8A, onpeaenaeMon xax 

8A = F y dl/2, (2.38) 

to c yncTOM (2.37) p:ia paooTBi 6 A no.napH3au,HH BaKyyMHOH cpepBi b sjicmch- 
TapHOM oobcmc 5v = A55/ nouyn-iM cncpyiomcc BBipa>Keime: 

5^4 = 2k a'a"AS8I = 2nc' 2 8v. (2.39) 

npHHHMaa bo BHHMaHHe (2.30), (2.31), Bbipa^ceHHe (2.39) mo>kho npe^CTaBHTb 
eme b BH^e 

1 O'^ 1 

8A= — 'z-r 5v = — E 2 8v, (2.40) 

8n R 4 8 k 

hto coBiia/iacT co 3naHcimeM 3iieprnn sjieKTpHHecKoro nona E b TJicMciiTapnoM 
o6i.eMe 5v, onpezienaeMOH hjbcctiibim BBipa>KcimcM 

8W = —[e 2 dv , (2.41) 

871 J 

5v 

earn nonoTKHTB E = const b o6i.eMe 5v, T.e. 

8W = — E 2 8v, (2.42) 

8 ji 

M3 coBnapeima BBipavKeimii (2.40) h (2.42) iicnocpc.TCTBcnno cac/iycT, hto on- 
pezteneHHbie Bbirne 3aK0H0MepH0CTH (2.35), (2.37), no Bccii BepoaTHOcm, pcii- 
CTBHTenbHO OTpaacaioT BnonHe onpepcnciniBie (])H3 H'icckhc CBoiicTBa BaKyyMHOH 
cpc.TBi, h nepepana 3JieKTpnHecKHx chji BiaHMonciicTBini Ha paccTOJfflue ot op- 
hoto iapa.ia q k ppyroMy Q B03\io>Kna tojibko nepc3 nocpepcTBO BiaHMopcHCT- 
bim pann bix 3JieKTpHHecKHX sapapoB, npeacpe Bcero, c o k py >k a k.) 111 cit hx BaKy¬ 
yMHOH cpe/ioil. 


6. 3aKOHbi coxpaitcuHH h lipeBpaiueHiisi Maiepnn h c|mi3ii i icckhh 

BaKyyM 

B pjiHTeJiBHOM npoiicccc paiBHTHJi npepcTaBJieHHH HenoBeKa 06 OKpyacaio- 
incil ero pchctbutcjibiiocth h b noncKax cpinioil ociiobbi MHpa c(j)opMynnpoBa- 
jiocb nororme MaTepnn. B pa3BHTHH cJjhhococJjckhx h 'iacTiibix HayK MaTepnajit- 
HOe C/1HIICTBO BHe Cy6l.eKTHBHOrO MHpa Bbipa3HJIOCb B pa3BHTHH MaTepHajIHCTH- 
HecKoro iianpaBncinui b cJjhhococJjhh, ociiOBBiBaiomcroa-i Ha tjiaKTC cymecTBOBa- 
him MaTepHajiBHBix o6i.eKTOB BHe h He3aBHCHMO ot Hamero cojiiamm. MaTe- 
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pHajmcTimecKaa (})HJioco(fma KOHCTarapyeT no3HaBaeMOCTB OKpyacaiomero Hac 
Miipa b ripoucccc ero b 3 a hm opc ii c t b h n (npaMoro huh KOCBeHHoro) c no3Haio- 
HJHM o6l.eKTOM. B COOTBGTCTBHH C 3THM MaTepiia OnpCPCJiaCTCa KaK o6l.eKTHB- 
Haa peaJitHOCTb, cymccTByioiiiaa bhc Harnero comaiina h OTpaacaeMaa hm. B 
pnHTenBHOM ripoucccc nomaiina o6i.eKTHBHoro Miipa naxopaica h 3aKpen:iaioT- 
ca b noimim MaTepnn ee pchctbmtcjibiio cymecTBcnnBie npH3HaKH, oipaacaio- 
mne naHOoncc o6mne CBOHCTBa. HanGonee BaacHbiMH cBOHCTBaMii MaTepim b 
jik>6oh ee (JiopMC, no cgbpcmciiiibim npcpcTaBJicnnaM, aBjiaiOTGa coxpaHemie h 
PBH acemie, p hcK pcTii octb h HenpeptiBHocTb ee. 3th CBOHCTBa MaTepim cymecT- 
ByioT b HenpepbiBHOM cphiictbc h MoryT pacc\ta Tp h b a t b c a paapciiBHO tojibko 
jihiub b a6cTpaKTHOM otbjic'iciihh c TeM, 'itoobi rny6>Ke iioihitb hx opranmic- 
CKyiO CBSI3B. 

B yneHHH o npnpope BavKiiciimcc ma'iciine HMeeT (])hjioco(|)ckhh Bonpoc o 
B3aHMOCB5I3H IIOIIHTHH MaTepHH H PBHVKCIIHJT Ha COBpeMeHHOM 3Tane coxpaHe- 
HHe MaTepim h ee OBHVKeima pacc m aTp h b a e tc a b hx ncpaapBiBiioM cphiictbc. to 
ecTb, bo Bcex npoueccax coomopacTca 3aKOH coxpaneiina He MaTepim, KaK on- 
pepeneHHOH cyocTannim Bcex H3MepeHim, a jihihb coBMecTHoe cphiictbo h Ma- 
Tepiin h ee pbhvkciiipi. /JpyniMH cnoBaMH, ecira BBipaiHTBca ooncc onpcpcncn- 
ho, coxpanacTca ko.bh'icctbo pbh/Kciihi-i MaTepim h ee meprua. H3BecTHO, hcm 
BB i3BaHa 6Bina b CBoe Bpcvin TaKaa nocTaHOBKa Bonpoca. Ha HanajiBHOM iTanc 
coxpaHaiomeHca bcphhhhoh paccMaTPHBapacB Macca KaK ocHOBHaa KonimecT- 
BeHHaa xapaKTepucTHKa MaTepim bo Bcex ee npoaBnemiax. Ho c noaBnemieM b 
3KCnepHMeHTaPBHOH (J)H3HKe (jjaKTOB HC'IC IHOBCIlHa MaCCBI CO BCeMH ee CBOHCT¬ 
BaMH b tom BHpe, KaK ee npepcTaBJiaira, npuBcno k iicooxophmocth ciiiTaTB 
coxpaHaiomeHca bcjih'ihiioh Maccy b cphiictbc c ee pbhvkciihcm. C o6bckthbhoh 
tohkh 3peHiia, Hepa3pBiBHoe cphiictbo MaTepim h pBiiacemia aBJiaeTca opiihm H3 
BaVKIIciilllHX (j)HJ70C0(])CKHX OnpepCJICIlIlii, KOTOpOe B peajIBHOH PCHCTBMTCJIBIIO- 
CTH IiaXOPHT CBoe OTpaVKCHHC B 3aKOHaX COXpaHeHIia KOJIHHeCTBa pBH/KCIHia II 
3Hepnm tbroh KOJiH'iccTBcnnoii xapaKTepucTHKii MaTepim, KaK Macca. OpuaKO 
coBpeMeHHBie (]) 113 hk h - p cji aT h b hct bi B3aHMOCBa3B noHaTim MaccBi h ee pbhvkc- 
Hua, onpcpcnacMoii H3 3 kch cp hmc 1 nan b no ycTanoBncimoH (]) y n k h h o na jt b 11 oii 

3aBHCHMOCTH 

W=mc 2 (2.43) 

paccMaTpiiBaioT b cMBicne bobmovkiiocth ee B3aHMonpeBpamaeMocTH. To ecTB, 
cornacHO (2.43), HanpiiMep, ponycKacTca, hto b peanBHOH pchctbhtcjibiiocth 
B03M05KHBI TaKHe npOUCCCBI, KOTpa MaCCa m , KaK opIIa H3 BaVKIICHIIIHX KOPHHee- 
TBeHHBix xapaKTepucTHK o6BeKTHBHo cymecTByiomeH MaTepim movkct non 11 o- 
ctbk) HCiCBaTB, npeBpaTHBmucB b nopniiio 3Hepnm W 3ji cKTpo m a r 11 ht 11 o ro H3- 
nyneHiia. A 'itoobi He OKa3aTBca b npoTHBopemm c ochobhbim MaTepHajmcTime- 
CKHM OnpepC.riCIlHCM (j)HJ70C0(j)HH O Hepa3pBIBHOM CPHIICTBC MaTepHH II PBHVKC- 
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him, coBpeMeHHoe npeacTaBneHne oampycTca Ha /lonymenim. hto 3JieKTpoMar- 
HHTHoe H'ny'icimc c Tiieprucii W TaK>KC npeflCTaBnaeT co6oh oripcACJieimyio 
MaTcpnajiBiiyio cyocTanumo, ho tojibko nHiueHHyio TaKOH KOJiiiHCCTBennoH ee 
xapaKTepucTHKH, KaK Macca noKoa m. IIo/iooiibic aocTpaKTiiBie /lonymeima o 
CBOHCTBax MaTepnn h ee /ibita'ciiim. b KaKOH-TO CTeneHH, 0Ka3biBai0Tca eme 
npneMJieMBiMH npn (jjopMajitHtix onciiKax aBJieHini o6t>ckthbiioh AeiiCTBiiTeJit- 
HOCTH, O/lIiaKO nOJIHOe HCHCjllOBCHIie KOJIHHeCTBeHHOH XapaKTepHCTHKH MaTe- 
pim, ee Maccti, c m aT cp h an hc t h h c c k o ii to'ikh 3peHiM, He MoaceT obitb npneM- 
neMBiM, Tax KaK /laiinoc onpezieneHne jinmaeTca ncooxo/iHMoii jiorHHecKOH 
CTpOrOCTH. 

PaccMOTpeHHbie Bbirne Tpy/inocTii b onpc/icucimH B3aHMOCBH3H MOK/iy ko- 
JIHHeCTBeHHOH XapaKTepilCTHKOH MaTepHH H ee /IBIT/KCHIICM nOaBHJIHCb B (|)H3HKC 
b Hanajie XX BeKa h 6 both o6ycjioBJieHti, b ochobhom, (JiopMantHtiM ;ionyincnn- 
eM, hto peaubHoe npocTpaHCTBo aBJiaeTca a6conioTHo nycraM h hto nio6i>ie 

ABHHCeHIM B TaKOM npOCTpaHCTBe HBJMIOTCa 6e30TH0CHTeJIbHbIMH /IBIT/KCIIIMMII. 
Ecjih ace ocHOBBiBaTBca, c (J)H3HHecKOH tohkh apeniM. Ha 6ojiee npneMJieMOM 
/lonyiiicnim cymecTBOBaHHa bo BceM oKpy>KaiomeM Hac npocTpaHCTBe cpc/iBi 
cJ)H3HHecKoro BaKyyMa, oona/iaiomcii KaK aac kT po m a rim t n b i mh, TaK h rpaBHTa- 
HHOHHBIMH H HHepHHOHHBIMH CBOHCTBaMH, TO eCTb MaCCOH, TO H3BeCTHBie 3KC- 
nepHMeHTajiBHBie (JiaKTbi Kaacymeroca nonHoro HCHCinoBcniM Maccti m (aHHH- 
THJMHIM, ,TC(])CKT MaCCbl) KaK KOJIHHeCTBeHHOH XapaKTepHCTHKH MaTepHH MOTyT 
6tiTt nojiHocTtio nepecMOTpeHti yace c no3HHnn 11cyn h' i to>kh mocth ee. 

ct>H3HHecKHH BaKyyM npe/iCTaBJMCT co6oh Ty oco6yio MaTepnantHyio cpe/iy 
peanbHoro npocTpaHCTBa, KOTopaa, H3-3a CBoeii tohkoh CTpyKTypti, aBJiaeTca b 
H acToamee BpeMa noKa eme iie/iocTynnoii /uia ncnocpe/iCTBCimoro 3Kcnepn- 
MeHTajibHoro oGnapyaccniM, o/iiiaKO o6teKTHBHaa peajitHOCTt KOTopoii yace 
no/iTBcp>K/iacTca b HacToamee BpeMa MHoroHHCJieHHtiMH TeopeTHHecKHMH h 
KOCB eHHtiMH 3KcnepHMeHTajiBHtiMH (])aKTa\(H [1-25]. Bnojme B03MoacHO npcp- 
noJioacHTt, hto h bo Bcex 11aon k),t ac\f bix aBaeHHax, b KOToptix “HCHe3aeT” 
o6tiHHaa, noAHaiomaaca HanieMy iiaojJKyicimio Macca m peajibHtix nacTim (aH- 
HHTHJiaHna, ,tc(])ckt Maccti), HMeeT MecTo npocTo npeBpameHiie ee b Maccy m' 
AonoaHHTeJibHO o6pa30BaBiueHca cpc/iBi cj)H3HHecKoro BaKyyMa c bbi^cjiciihcm 
eooTBeTCTByiomero KOJinnecTBa sncpn-m W (2.43). Ilpn stom BBipcnaiomaaca 
npn aHHHTHJiaHHH siicpr iM W He yHOCHTca BMecTe c KaKoii-TO MaTepHajiH30BaH- 
hoh “Maccoii /ibhvkciiim” m q i raMMa-KBaHTOB, paBHOH Macce m hcxo/hibix aHHH- 
rnjinpyiomHx 'iacTim. KaK sto o6menpnHaTo cniiTaTt, a npeBpanjaeTca b ;ipy- 
ryio MaTepnajitHyio cynmocTB peantHoro npocTpaHCTBa - “Maccy noKoa” cpc.TBi 
c])H3HHecKoro BaKyyMa. Biiohiic B03M0>Kcn h o6paTHtra MexaHH3M, Kor.ua npn 
3aTpaTe onpc.TC.ricnnoro KOJinnecTBa 3HeprHH H3 MaTepnajitHOH cpc/iBi cj)H3HHe- 
ckoto BaKyyMa MoacHO o6pa30BaTt crycTKH MaTepnn, y KOToptix oy/iyT o6Hapy- 
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/Kciibi y>Ke H3BecTHbie CBoiicTBa 3JicMciiTapiibix HacTHK. TaKHM o6pa30M, npcA- 
CTaBJiemie o cymecTBOBaffliii MaTepnanbHOH cpeAbi (})H3H'iccKoro BaKyyMa, ko- 
Topoe HenocpeziCTBeHHO cjicavct H3 aHanim Miioro'iHciicnnbix mbbcctiibix cjjaK- 
TOB, HBJIHCTCH TeM IICAOCTaiOIUHM 3BGHOM, KOTOpOe HOiBOJIHCT HapHCOBaTB 
pentHyio KapTimy KpyroBopoTa NiaTepnii bo BccJicimoi-i. 

PaccMoipiiM oomcnpuiiJiTyio 3amicb b 3 a h\t opciic tbh >1 anirnrHanpyiomux 
'iacTHii aneKTpoHa e h no3HTpoHa e + b bhac 

n 

m 0 c 2 + mg c 2 —» 2W y . (2.44) 

\y 

B npocTciimcM cnynae, npii nyacBOM cyMMapHOM cimnc CTajiKWBaiomuxcH 'iac- 
Tup 3JieKTpoH-no3HTpoH, iicnycKacTca ,3Ba y-KBaHTa, npn cyMMapHOM crimic 
CTaaKHBaiomuxcJi 'iacTHii paBHOM c.ihiihuc B03M0>KeH BapnaHT iTiJiyicima Tpex 
y-KBaHTOB. PaccMOTpiiM npocTeiimrai cnynan ainmrujifliiHii 'iacTHii 3JicKTpon- 
no3HTpoH npii H3nyHeHHn abvx y-KBaHTOB. Ecjih (})H3H l iecKyio cymnocTb 3anncn 
(2.44) rionBiTaTBCH niiTcpnpcTHpoBaTB b tom bhac, KaK OHa jani-icana, to 3hhh- 
Tmmuim 3JieKTpoHa e h no3HTpoHa e + npeACTaBJiaeTca BcciAta a6cTpaKTHOH. 
Tax KaK sncprHH noKoa TJicKTpona h no3HTpoHa b (2.44) 

W 0 = m 0 c 2 , W 0 + = m; C 2 , (2.45) 

npe.TCTaB.aacT nonHyio BHyTpeHHioK) SHeprmo sthx 'iacTHii. npii ycnoBiiii OTcyT- 
ctbim KaKoro-nnGo B3a hmo.tchctbh a MC/K.iy hhmh, to cornacHO 3armcn (2.44) 
aHHHTHJIflUHa 3JIOKTpOHa H n03HTp0Ha npOHCXO.THT, KaK 6bl MHHya CTa.THIO 
B3aHMOaeHCTBIM MOK.TV aHHHTHUHpyiOmHMH 'iaCTHIUlMH. To eCTb, OCpCTCfl 
ancprua noKOH W {) o.Tiioii nacTHL|bi, hhcto MaTCMaTH'iecKH cyMMiipyeTca c 

3IICprHCH IlOKOH Wq Ap\TOH 'laCTHUbl, II CyMMapHaa SIieprUH riOKOH 3THX 'iac- 
THU 

W 0 = W 0 + W 0 + = 2m 0 c 3 (2.46) 

(JiopMaabiio ciHTacTCH npiniaATiOKamcH y>Ke 2 -m oopaiOBaBinuMCJi y-KBaHTaM. 
/IpyriiMH cnoBaMH, jicBan 'iacTb (2.44) OTpa>KaeT co6oh coctohiihc Hacrap e h 
e + ao hx b 3 a hmo.tchctbhh MOK,iy co6oh, mOK/ iy TeM KaK npaBaa 'iacTb 0Tpa>KaeT 
co6oh Koncinbiii peayabTaT nponecca, b to BpeMH KaK caM nponecc BiaHMOACH- 
CTBH5I H aHHIirilJMmiH 'iaCTHU HCKJIIOHaeTCa H3 paCCMOTpeHHJI. 

PaccMOTpiiM, HanpuMep, xopomo H3BecTHoe b ([ihbhkc hbticiihc TopM03Horo 
n3JiyHeHH5i ycKopeHHon ao CKopocTH v iapji’A'cnnoH 'lacTHiibi npii yaape ee o 
MHineiib. KimeTH'iecKaa anepruH ycKopcimoii qacmijbi nepeA yAapoM ee b mh- 
meHb onpcAcaHTca BbipaAemieM 

W K = m v 2 /2. 


(2.47) 
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IIpn y/iapc ycKopeHHOH lapflVKeimon nacTHUBi b Mimem h ee TopMO)KeHHH 
npOHCXO.THT H3BeCTHOe B (])H3HKC aBJICIlHC T0pM03H0r0 H3JiyHeHI15I, KOTopoe co- 
npoBO>KAaeTca TpiiBHaJibHtiM <})H3hhcckhm HBaciiHCM HiJiyHeniia y-KBaHTa. B 
3TOM xopomo H3BGCTHOM H KOHTpOJIHpyeMOM B (])H3HKC HBJTCHHH, KOHCHHO, HI1- 

kto He aonycKaeT, hto nocne TopMO>KeHHH lapavKcnnoH nacTHUBi h HinyHcnna 
en y-KBaHTa, caMa iapavKeimaa nacTHna KaKHM-TO o6pa30M HcnciacT. Ilpn y/iapc 
o MHHieHB lapavKcimaa 'iacmna, ecTecTBeHHO, TopM03HTca h ocTacTca Ha mh- 
HieHH, HTO peanbHO (fjHKCHpyCTCH nOHBnHIOIHHMCH Ha MHHieHH .lOnOailHTCHBUBIM 
eZIHHHHHBIM 3JieKTpHHeCKHM SapH/lOM, paBHBIM lapfl/iy yCKOpeHHOH 'iaCTHUBI. 

Ecnn nee, ocnoBBiBaacB Ha coBpeMeHHbix npcncTaBncnnax, npouccc B3an- 
MOHciicTBua 3apavKcimi>ix nacTHU, e h e + npn aHHurujumnn paccMaTpHBaTB 60- 
nee KoppeKTHO h nocnc,io BaTcn b no. yHHTbiBaa b (2.44) eme h sncpn-no B3aHMO- 
,1 Chctbhsi 3apa>KeHHbix nacTup e h e MOK/iy co 6 oh, to am nonHOH inepniH Wo 
3thx 'iacTi-in. naxo/iamuxca. HanpHMep, Ha 6ecKOHeHHOM yuanemm /ipyr ot ,ipy- 
ra, MO/Kiio 3anncaTb 

W 0 = W 0 + W 0 + +W n = 2m 0 c 2 + W n , (2.48) 

r^e Wn - noTeHu;Hajn>Haa OHeprafl B3aHMO,zjeHCTBHfl 3apjDKeHHBix nacTHu;, Haxo- 
Ha 6ecKOHeHHOM yzjajieHHH #pyr ot ^pyra. Tax xax Ha 6ecKOHeHHOM 
paCCTO^HHH Me^C^y 3apjDKeHHBIMH HaCTHU,aMH e H e OJieKTpHHeCKOe B3aHMO- 
^encTBHe Me)K^y hhmh OTcyrcTByeT, to noTeHijHajiBHafl OHepraa B3aHMO^encT- 
bha Mewiy HacTHU,aMH ycjiOBHO npnpaBHHBaeTca Hymo. O^Haxo nepe,a; momch- 
tom CTOJiKHOBeHHfl 3apjDKeHHBix HacTHu; e h e , c yneTOM hx ycxopeHna b 
co6cTBeHHbix 3JieKTpHHecKHx nojiax, Rim nojiHOH 3HeprHH Wo HeoGxoOTMo y^ce 
3anHcaTt. 

W 0 = 2mgc 2 + W n + 2W k = 2mgC 2 + 2W K (2.49) 

To ecTb, to npn c6nnnceHHn japa/ioB e h e hx noTcniiHanbnaa jneprua Bian- 
Mo^eHCTBua Wn npuHHMaeT QTpimaTenBHoe 3HaHemie Ha Taxyio BejiHHHHV , Ha 
KaKyio yBenHHHBaeTca hx Ki-mcTH'iccKaa ineprna 2W K . Ilpn stom, ecnn nocne 
ctojikhob eHna h TopMO/K'cima jncKTpoiia e h no3HTpoHa e + 3aKOHOMepHO nono- 
nCHTB, KaK 3TO H OOIHCnpHIIJITO CHHTaTB B 110,10011 BIX C.iy'iajIX. HTO KHIICTH'ICCKaa 
3Hepnia hx 2W k bbi/icjhictch b bh.ic incpra h 2W 7 TopM03Horo H3nyHeHiia 2-x y- 
KBaHTOB, to 3aK0H coxpancimsi (2.49) npuHHMaeT BH/1 

/y 

Wo = (2moC 2 - W„) + 2W y = 2 W y . (2.50) 

\y 

TaKHM o6pa30M, ecnn npouccc annnrH.iaiiHn (2.50) HHTepnpeTiipoBaTb c no3H- 
hhh coBpeMeHHBix npc.iCTaB.icniiH, c yncTOM b 3an mo,ichctbhh iapavK'diiiwx 
HacTiiu, e h e ", to paBeHCTBO Bnyipcnncn incpran 2m.(fi 2 ,iByx HacTim hx OTpu- 
naTC-iBiioii iioTcnunanBiion jncprnn Wn (BBipavKcimc b Kpyriibix CKOOKax) cue- 
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AyeT paccMaTpiiBaTt KaK hbjiciihc 6eccne,HHoro hc i ic3iiobciih!-i BiiyTpcimcH 
3HeprnH 2moc 2 sthx nacTim bmgctg c hx MaTepnajitHOH cymnocTBio, T.e. 

(2moc 2 - W n ) = 0, (2.51) 

HTO, C (})H3HHCCKOH TO'IKH ipCHIiyi. HBJTHCTCH TpyjIHO UpHCMJTCMBIM ,10nymCIIHCM. 

Abjiciihc animrujifliiH h siicKTpona h no3HTpoHa movkiio paccMOTpeTB h He- 
CKOJIBKO C HHBIX IIOJHIIHH. eCJIH CIHTaTB. HTO nOTeHU,HajIBHaa 3Hepn«I B3aHMO- 
acilcTBiia Wj | pa3HOHMOHHO iapHVKcniiBix 'iacTHii. naxo/uimuxca Ha 6 ojibihom 
paccTOJiHHH /ipyr ot apyra, crpeMHTCfl He k Hynio, KaK 3 to npniiHTO CHHTaTb, a k 
CB oeMy MaKCHMajiBHOMy 3HaHeHino Wn = 2m, t c 1 . Bee BBiinenpI'I bc.tciiiibic “napa- 
,Hokcbi” c Hcne3HOBeHHeM peajiBHOH MaTepnn BemecTBa animrunupyioiHux nac- 
thu o6ycnoBneHBi, b ochobhom, TeM, hto noTeHipianBHan sncpn-ui BjaHMonciicT- 
BHa Wn b (2.48), (2.49), (2.50), (2.51) sneKTpoHa h no3HTpoHa, HaxonniUHxeJi Ha 

3HaHHTeJIBHOM paCCTOflHHIl /ipyr OT .ipyra, C (|)H3HHeCKOH TOHKH ipeilHJI. He- 
ooocnoBaimo nonaraeTca paBiioil Hynio, b to Bpcvra KaK noTeHHHajiBHaa B03- 
M05KH0CTB CBepiHHTB paOOTV npH ira/ICHIHI SJieKTpOHa Ha n03HTp0H huh Hao6o- 
poT OKa3BiBacTCH b .Taniio\i cnynae MaKCHMajiBHOH. IIpHHeM noTeHpHanBHaa 
sncprua b 3 a hm one hctbhh W n pa3HOHMeHHO 3apHVKcniiBix nacTHU Bceraa hbhhct- 
CH BeHHHHHOH nOJIO>KHTeJIBHOH, H npH c 6 nH>KeHHH iapa.TOB BnjIOTB 30 HX CTOJIK- 
HOBeHiM OHa CTpeMHTCH k Hynio, npeBpamaJICB, OnjITB >KC, B IlOaOVKHTCaBIiyiO 
KHHeTHHecKyio sneprHio sthx sapanoB. C vhctom cKa3aHHoro, nepc/i ctoukho- 
BeHneM 3JieKTpoHa c no3HTpoHOM ohh oy.iVT HMeTB cyMMapHyio anepruio W 0 , 
paBHyio 

W£ = "’° C + ° C = 2 m 0 c 2 + 2A me 2 =2W 0 + 2W K , (2.52) 

Vi-p 2 Vi-p 2 

r.TC 2 W K = 2Ainc 2 - cyMMapHaa KHHeTiinecKaa SHepraa nncKTpona h no3HTpoHa 
nepen hx ctojikhob eHHeM. Ecnn CHHTaTB, hto b MecTe CTonKHOBemia nncKTpon h 
no3HTpoH oc t ana b a hb aio t c h (b npoTHBHOM cnynae aHHHranamin ncBOBMoncna), 
to KHHeTHHecKaa nacTB ancpruii nacTHp 2 W K aonmia BBiaenHTBca b bh.tc Top- 
M03H0T0 II3ay'ICima. ITo/ldCT BeHHHHHBI KHHeTHHeCKOH HaCTH 3HeprHH 2 W K 
3JieKTpoHa h no3HTpoHa npn hx c6nH>KeHHH nepen momciitom y/iapa 

00 00 2 

2W K =2e[Edr = 2e\-^-dr = — (2.53) 

J J r r 0 

'0 r 0 

KaK pa3 h nacT BenHHHHy nnepn-m 2 W, nayx y-KBaHTOB, KOTopBie noaBnaiOTCn 
npH aHHHTHJI5IHHH H3CTHU, 

n 

2 W K = 2W 

K |\ 

7 


(2.54) 
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M 3 (2.54) bhtiio. hto SHepraa H3JiyHeHHa 2 W y , KOTopaa BbmenaeTca npn aHHH- 

rHIMUHH, COOTBeTCTByeT KHIICTHHCCKOH SHeprilH 3JieKTpOHa H nO3HTp0Ha nepe.T 

hx CTOnKHOBeHneM, a He BiiyTpeimcii sncprmi W (] = 2m 0 c 2 sthx 'iacnm. KaK sto 
cneuyeT H3 (JiopMaiibHOH 3anncn (2.44). Ecjih 3anncb (2.52) OTpancaeT co6oh 
3aKOH coxpancmia siiepnin B3a 11 m o.tchct By 10 m hx 'iacnm e h e nepe.T hx 
CTOJ iKHOBeHneM h aimnrmianneH, to nocne aHHiirujiamiH 'iacTHU cneuyeT ynce 
3anHcaTi> 

W^W Q+ 2W K =W Q +2W i n (55) 

7 

To ecTb Kax kojihhcctbo BemecTBeHHOH MaTepnn sacKipona e h no3HTpoHa e + , 
onpeuenaeMoe hx cyMMapHOH Maccon 2m lh TaK h BHyrpeHHaa sneprna 
Wo = 2m 0 c 2 npn hx aHHiinuiamiH He ncHC3aeT, a npeBpamaeTca b eooTBeTCT- 
Byiomee kothhcctbo BemecTBeHHOH MaTepnn ynce cpe/iti (JmsuHecKoro BaKyyMa, 
KOTopaa yHOCHT c co6oh h BHyTpeHHioio SHeprmo IV 0 3JicKTpona h no3HTpoHa. 
06pa3yiomaaca H3 japaacemibix 'iacTim e h e 3JieKTpoHa h no3HTpoHa BemecT- 
BeHHaa MaTepua cpc.TBi (})H3HHCCKoro BaKyyMa ircHTpajiBiia, ho OHa cnoco6Ha 
noiiapH30BaTbca b sjicktphhcckom none. B chubhbix sjtckt po m a n 1 ht 11 bix nonax 
h eHTpajiBHaa cpcpa ([miH'iccKoro BaKyyMa movkct nonapH30BaTbca no TaKOH 
CTeneHH, hto npn onpe.TCTCiniBix ycnoBiiax (b6jih3h a.nep huh .spy nix HacTim) 
MO/KCT o6pa30BBIBaTb CryCTKH OTTCJIBIIO OTpHH,aTeHBHOH H nOnOaCHTenbHOH Be¬ 
mecTBeHHOH MaTepnn, KOToptie MoryT perncTpupoBaTbca HaMH yace KaK, Ha- 
npHMep, 3JieKTpOHBI H n03HTp0HBI H T..T. 

TaKHM o6pa30M, BemecTBeHHaa MaTepua tbvx aHHiirmiHpyiomHX 'iacTHU 
3JieKTpoHa h no3HTpoHa He npeBpamaeTca b HeKyio MiicjmHecKyio MaTepmo 
3JieKTpoMarHHTHBix nonen .inyx y-KBaHTOB, a npeBpamaeTca, onaTb ace, b Beme- 
CTBeHHyio MaTepmo iicbhthmoh noKa ana Hamux perncTpupyEomux npn6opoB 
cpc.TBi (])H3H'iccKoro BaKyyMa, KOTopaa h yHOCHT c co6oh BHyTpeHHioio sneprmo 
Wo (2.45) sneKTpoHa h no3HTpoHa. PeanbHoe cymecTBOBaHne MaTepiiajibHOH 
cpc.TBi (JiH3HHecKoro BaKyyMa, KOTopoe ri o.ttb cpac.na ctc a MHoroHHcneHHtiMH 
SKcnepuMeHTajibHbiMH h TeopeTHHecKHMH cjiaKTaMH, 3acTaBnaeT CHHTaTB coBpe- 
MeHHbie npcTCTaBTCima 06 HCHe3HOBeHnn “Maccbi noKoa” aHHHrunupyiomHX 
HacTHU,, npcBpamenim “Maccbi noKoa” b “Maccy TBiiaccima”, npeBpameHiin 
SHepniH noKoa b incprwo TBiiaccima h t.t., KaK rpy6bie npnGnnaceHna. npn 
aHHurnnaunn sjicKTpona h no3HTpoHa MaTepua sthx HacTim, H3 o.Tiioro Biina 
ncpcxoTHT b MaTepmo Tpyroro Buna. Macca noKoa, KaK onpcTCTCimaa Mepa 
KOTH'iccTBa MaTepmi sthx HacTim,, H3 ouHoro Bi-ma ncpcxoTHT b Maccy noKoa 
Tpyroro BH.ua. HiiKaKoii “Maccbi TBiiaccima” y sji e k Tp o m a r 1 in t n bi x both HeT, a 
3c|3(J)eKT nepeuann HMnyjibca sji e kt po m a r 1 in t 11 o ii bojihoh, HanpuMep, KaKOH- 
hh6o nacTime huh npcrpa.TC, ecTb pe3ynbTaT onpcTCTCiiiioro noiiTcpoMOTopno- 
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ro 3JTcKTpo m ari ih t noro MexaHH3Ma b 3a h m 0,3 c hctbhh rioncpcnioH aneiapoMar- 
hhthoh bouhbi c 3apn3a\(H pan noil HacTHU,i>i huh nperpa,3Ri [32], B iipupo/jc 
nponcxoflHT toubko npeBpameHHe MaTepnn H3 o.anoro b 11,3 a b apyroil. Ilpn nio- 
6bix npcBpamciiHJix MaTepnn He TepflCT ochobhbix <j)y 1 taa mc 1 nan r n ri x cbohx 
CBOHCTB, TaKHX KaK /IHCKpCTIIOCTB, 3ap5T/KCimOCTB, HHepTHOCTB H T.3. BeCb MHp 
3anonHeH MaTepnantHOH cpenoil (f)H3HHCCKoro BaKyyvta, H3 noHa KOToporo ponc- 
naioTCfl HOBbie 'iacTHUBi. Tena, 3bc3,ibb h b jtoiic KOToporo HcueaacT Marepira 
pacna^aromHxcJi uacTHp, Ten h 3BC3,3. 
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Tjiaea 3 . Bonpocbi 3JieKTpocTaTiiKii BaKyyMHOH cpe/ibi 


1. OSipee npeacTaBJieHHe o cpeae (j)H3HMecKoro BaKyyMa 

Bbirne 6 binn BBWBneHti ncKOTopwc cnopHbie npo 6 neMbi KnaccHHecKon 
3JieKTpoflHHaMHKH “nycToro” npocTpaHCTBa, KOToptie noaBiinucb b pe3ynbTaTe 
BBe^eHiui b (])H3HKy a 6 cTpaKTHtix npe/iCTaBjieniiH 06 oneKTpHHecKOM none KaK o 
HeKOH caMOCTOMTCJThi 10 H (|)H3HHCCK0H CyOCTailUHH. OnnaKO CnenyeT OTMeTHTB, 
hto Ha HanaJitHOM 3Tane pa jemwi npencTaBncimii 06 3 nc KTp n 'i e ct b e. Kor/ia Bee 
peanbHoe npocipaHCTBO mbichhjiocb 3anonHeHHbiM ymiBepcajiBHon MnpoBon 
cpe.ioH - 3(])Hpo\f huh, b 6 onee coBpeMeHHOM noHHMaHHH, ({jhbhhcckhm Baxyy- 
mom, no/ioonbic npo 6 neMbi b (])H3hkc He B03HHKajiH. OneKTpHnecKoe none b Ba- 
KyyMe paccMaTpuBanocb KaK onpc/icncnnoc BOBOy/K/ieimoc coctohiihc nnn /ic- 
(JiopManiHi BaKyyMHOH cpc,TBi, a nepe^ana BsaHMonciicTBua Ha paccToanne ot 
o/uioro sncKTpH'iccKoro iapa/ia k npyroviy npennonaranacb ooycnoBncimoH 
ynpyrHMH CBOHCTBaMH BaKyyMHOH cpc/iBi. Ho ctopohhhkh nepBOHananbHbix 
Teopnil 3(])Hpa BCTpeTHnHCb B CBOe BpCMH C eepbe3HBIMH iaTpypilCIlHJIMH B HH- 
TepnpeTaijHH ncnoro pan a npyrux 3 kc n c p h mc i uan b ii o ycTaHOBneHHbix cJ)aKTOB. 
HanenenilBIH npOTHBOpeHHBblMIl rHIIOTCTHHCCKHMH CBOHCTBaMH 3(])Hp He Bnn- 
cbiBancn, 6 onee hiih MeHee y/ioBn ct Bop h Ten h no, b paMKax hh o/nioii Teoprai 
Toro BpeMeHH, h b nanane XX BeKa b (])H3hkc 6 bino bbc/iciio npcncTaBncimc 06 
3neKTpHnecK0M none, KaK oco6oh ca moctoht cn biioh MaTcpnanbiioH cymnocTu b 
a 6 conioTHO nycTOM npocTpaHCTBe. Teopua “nycToro npocTpaHCTBa” oco 6 eHHO 
6 onbmoro pa 3 BHTiin /locrarna b pa 6 oTax no CTO A. OHiiniTCHna h ero CTopoH- 
hhkob [1, 2], b KOToptix 6 binn npcHnp hiihtbi nonbiTKH oooomcnini Ha OTKpO- 
BeHHO a 6 cTpaKTHO-cy 6 beKTHBHOH ocHOBe pa3nnnHbix, BbirnaneBHinx Torna pa3- 
po3HeHHo, cJjaKTOB peanbHOH nciicTBUTcnBiiocTH. HanpuMep, ncxo/iinae npe/ino- 
cbinKH cneHnanbHOH Teopnn OTHOCHTenbHOCTH A. OinimTciina, stoh a 6 cTpaKT- 
hoh h cy 6 beKTHBHon, no cBoeMy cymecTBy, Teopnn, ocHOBbiBanncb Ha npcn- 
CTaBncniHix o HeKoeM a 6 conioTHO nycTOM HepeanbHOM npocTpaHCTBe. MBncnna 
peanbHOH nciiCTBUTCnBIIOCTH B 3T0H Teopnn CTaBHnHCb B 3aBHCHM0CTb OT TO'IKH 
ipcima naonronaTcna - cy 6 beKTa, hto eooTBeTCTByeT npoB03rnameHHio b c|)H3H- 
Ke, C (|)HnOCOCj)CKOH TOHKH 3peHIM, flBHO Cy 6 beKTHBHbIX He MaTepnanHCTHHecKiix 



TjiaBa 3. Bonpocw 3JieKTpocTaTHKH cf>H3HHecKoro BaicyyMa 


259 


MeTO^OB OTpasKeimsi peanbHOH /ichctbhtcjtmiocth. Oco6eHHO narnsi /1110 a6cT- 
pa ktii o-cyOT)C kthb i lasi cymnocTB mcto/iob Tcopmi OTHOCHTeUbHOCTH nycToro 
npocTpaHCTBa npommiHCb b tom, hto sth mctoabi b c])H3hkc cpa3y >Ke npiiBenn 
k noaBneHHio b Hen CTOJib a6cTpaKTHbix h napanoKcajiBiiBix bbiboaob, hto jioth- 
necKoe ocMticneHHe hx CTano npocra HeB03M0)KHbiM, Tax KaK BCTynano b npo- 
THBopcmc c jiothkoh aKCHOMaTHHOCKiix nocTpoeHini Teopnn. CjIO’/KHBIIiaSICSI 
CHTyamM b (|)H3hkc Hanajia XX bckti h iiacTosimero BpeMeHH aobojibho nonHO 
OTpa>KaeTC5I H B CaMOKpHTHHHbIX BBICKa3BIBaIIHSIX HeKOTOpbIX BH/1IIBIX (])H3HKOB, 
KOTOpbie SlOCTaTOHIlO aBTOpilTeTHO VTBCpVK.TaiOT, HanpHMep, HTO RJlfL nOUHMailHSI 
COBpeMeHHOH (j)H3HKH IICOOXO/1HMO npOCTO OTBJICHBCSI OT peajIbHOTO MBimUCIlHSI 
h Hunero 6onbme. O/niaKO He Bbi3biBaeT HHKaicoro comiiciihsi. hto iio.tooiibic 
“peuenTBi” MoryT tojibko Biia'iHTcabiio yBenHHHTb h 6e3 toto v>kc a6cTpaKTHyio 
h iiapa/ioKcaaBiiyio cymHocTb mcto/iob COBpeMeHHOH c|)H3hkh, npaKTH'iecKasi 
npnjio>KHMocTb KOTopbix BCTpenaeT Bee 6ojibimie h Gonbimie 3aTpy/uieiinsi. He- 
CMOTpSl Ha TO, HTO Clip a B C/UI H B OCT I > npHHHHna OTHOCHTeUbHOCTH CTO 
A. OHHiHTeHHa, HanpHMep, b cboch ocHOBe orpaim'iHBacTcsi o6nacTbio toubko 
a6conioTHO nycToro iicpcanBiioro npocTpaHCTBa imepuHa/iBiiBix chctcm, bbibo- 
,tbi 3toh sib iio a6cTpaKTH0H Teopiin co BpeMeHeM HenpaBOMepHo cTann pacnpo- 
CTpaHSlTb H Ha SIBJTCIIII SI peanbHOH /|C M CT B MTC JIBIIOCT H, KOHKpeTHO b peanbHOM 
0K0H03eMH0M npocTpaHCTBe rpaBHTannoimoro no/isi h cj)H3HHecKoro BaxyyMa, 
CBOHCTBa KOTOpOTO, KOHeHHO VKC, CyillCCTBCIHIO OTJIHHHbl OT CBOHCTB nyCTOTO 
HepeanbHoro npocTpaHCTBa cnemianbHOH Teopnn OTHOCHTeUbHOCTH. BnonHe 
ecTecTBeHHO, hto iiaKoimBiiinecsi 3a CTOHb ^nHTenbHbiH nepnoA rocno/iCTBa a6- 
CTpaKTH0-ey6beKTHBHbIX MCTO/IOB B (])H3HKC MHOTOHHCJieHHbie Tpy/IIIOCTH H na- 
pa.TOKCBI, KOTOpbie 0 C 06 eHH 0 MHOTOHHCJieHHbl B TaKHX OOaaCTSIX cj)H3HKH, KaK 
3JieKTpocTaTHKa, 3 jt cKTpo,1 h 11a mhK3 h onTHKa, BBiiiy>K,TaioT cj)H3HK0B nepecMaT- 
pilBaTb CBOH TOHKH jpCIlIISI H OTK33BIBaTBCSI OT a6cTpaKTHbIX npC/ICTaBJICnilH O 
nycTOM npocTpaHCTBe, paccMaTpuBasi (])H3hhcckhh BaKyyvi KOHKpeTHoro peanb- 
hoto oKono3eMHoro npocTpaHCTBa xax oco6yio MaTepna/iBiiyio cpc/iy, 3anoji- 
iisiioiiiyio co6oh Bee oKpy>Kaiomee Hac MnpoBoe npocTpaHCTBo. 

2. no.isipinamiomibie cbohctbb cpeabi (j)H3HMecKoro BaKyyMa h 
B3aHM0AeHCTBHe 3ap»A0B 

PaccMOTpHM b 3 a h\ fo a c h c tbh c oahhohhoto iapsna e C BaKyyMHOH cpc.Toii 
peanbHoro npocTpaHCTBa. IIpHHHMas bo BHHMaHHe rioJisipiTsauHoiiiiBic CBOHCTBa 
BaKyyMHOH cpc/iBi, onpeneJiuM 3Heprmo We sneKTpHHecKoro nojifl E oahhohho- 
ro sapsi.Ta e nepci Tiicprmo iioJisipi-nauHoiiiiBix aapsi/ioB BaKyyMHOH cpcTBi. 
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BtiaenHM noJiHpimunoHHbra cnoii BaKyyMHOH cpc/un touiiiuhoh dr Ha paccTon- 
hhh r ot japa/ia e (puc. 8). 

CoraacHO ycnoBiin TcopcMbi OcTporpancKoro - Taycca, rjul cyMMapHoro 
3apnna el BaKyyMHOH cpeAti, wi/iyHupoBaimoro Ha noBepxHOCTH ajiepbi pa- 
/ii-iyca r. MO/Ki io 3anncaTb 



e 0 


-U 


4n J 


EdS 


huh, HiiTcrpupya no a])cpe S, iiaxo/iHM 

n _ n 

el = — Jisr 2 sinyt/y = -^-Jsinyfiy = e~, 


(3.1) 


(3.2) 


T.e. noiMpH3au,HOHHbiH iapji.i el BaKyyMHOH cpc/pa paBeH no bojihhuho aapa/iy 
e , a no 3HaKy - npoTHBonono>KeH. Ilonarafl, hto cyMMapHbin nonnpimuHOHHbiH 
3wpfin el (3.2) BaKyyMHOH cpejp>i Ha ccfiepe pa/inyca r o6pa30BaH nonnpH3au,HeH 
BaKyyvia b afiepn'iecKOM cnoe touhihhoh dr, to, b cpe/nrcM. nepeMemeHHe Kanc- 
/loro 'incMenTapnoro aapfl/ia 5e (l BaKyyMHOH cpe,m>i movkiio npHHjm. paBHbiM 
dr 12. CooTBeTCTBeHHo, h nepeMemeHHe cyMMapHoro nonflproaimoHHoro japa/ia 
el b ccjjepiiHecKOM cnoe dr TaK>Ke mo>kho nononciiTb paBHBiM dr 12. Ilpn nepe- 

MemeHHH nonflproaimoHHoro japa/ia e,\ BaKyyMHOH cpe/ibi Ha nym dr/2 b cc[)c- 
punecKOM cnoe dr 6 y,icT coBepmeHa 'jncMcniapnaji pa 6 oTa 

dW = — Edr = — Eeldr. 

2 2 


(3.3) 
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IlepeMemeHHe o/uiOHMeniiBix aapaioB e (l BaKyyMHOH cpeiBi b c(])cpH'iccKO\( 

cnoe touiuhhoh dr He CBnsano c b 3a hmo,i cil ctbh e m hx c tjicktph'icckhm noneM 
E hcx o,ino ro lapnia e ”, Tax KaK, cornacno ycnoBHio TeopeMti Ociporpa.ic koto 
- T aycca, 3a aJicpn'iecKHM cnoeM c nonnpi-nauHoniiBiM lapaioM e,| oncKTpu'ic- 
CKoe none E lapma e paBiio nyiK). CooTBeTCTBeHHO, h 3Hepraa ijtcktph'iccko- 
ro noun E He TpaTHTcn Ha nepeMemeHiie o/inouMCimoro nonapH3apHOHHoro 
japnia e 0 b ajiepi-i'iccKOM cnoe dr. 3 a a])epiiTCCKHM cnoeM c nonnpimpHOH- 
hbim iapmoM , o/inoHMcniiBic nonnpi-naHHoniiBic aapnibi e 0 Ha aJicpn'iccKOM 

cnoe dr caMH CTpcMiTBcn yaanHTbcn Ha occKoncmocTB 3a chct co 6 cTBeHHi>ix 
aneKTpiiHecKHX cnn paccTanKHBaima, ho ypcp>KHBaioTca Ha cnoe dr cnnaMH 
BHyTpeHHen ynpyroil cb 33 h BaKyyMHOH cpcibi. /Jnn nonHoil pa 6 oTti nonnpH 3 a- 
hhh, hjih ,ma nonHoil 3 Hepnni b 3a hm o.icilc tb 111 incKTpH'iccKoro nona E lapaia 
e c BaKyyMHOH cpcioil, mtokho, o'icbh.iiio, 3 anHcaTi> 

00 00 

w -i 

r o n> 

C yneTOM (3.2) n npHHHMaa bo BHHMaHHe, hto no CBoen BennHHHe 3apjmti eo n 
e paBHBi 

14 |=| e 0 |= e , (3.5) 

OKOHHaTeJIBHO nOJiyHHM 

W = ^-. (3.6) 

2 r 0 

nony'icimoc BtipanceHne (3.6) aim ineprim B3 a h m one il ct b h a oncKipunccKoro 
nona E aapaia e c BaKyyMHOH epenoii Konii'iccTBeimo npuBonm k peiyuBTa- 
TaM, KOToptie ORiriBiBaioTCH TOVKiccTBcniiBiMH c pe3ynbTaT0M, onpcicnncMBiM 
H3BeCTH0H (JjyHKHHOHanbHOH 3aBHCIlM0CTBK> ,1.11 3HeprHH IJICKTpH'ICC KOTO nOJia 
We, 3anHCbiBaeM0H b Biiae 

W E =^-\E 2 dv, (3.7) 

8tc J 

V 

KOTopaa Rim cjiynafl OHeprnn ojieKTpnnecKoro nojra o^HHOHHoro 3ap*ma e #aeT 

(38) 

r 0 

M 3 conocTaBncimi (3.6) h (3.8) iianpamuBacTca bbibo,i, hto H3BecTHoe iiia'iciiHC 
3HepniH sncKTpH'iccKoro nona W E b ,ic il c t b h t cn b i i o c t h npciciaBnacT co6oil hh 
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hto HHoe, KaK SHeprmo nonapn3aunH BaKyyMHOH cpc.ibi. Ecjih noABfflTerpant- 
Hoe BBipa>KeHne (3.4) npcoopaioBaib k bh.iv 


_ 1 |* Ee 0 dr(4nr~) 

E 2 J (4;ir 2 ) 

h, BBiiay (3.2), (JiopMantHO aonycTHTB 


= -f^v 
8ji J r 2 


(3.9) 


^ = — = E 
2 2 21 ’ 
r r 


(3.10) 


T.e. MaTepnaiiBnyio cymHOCTB cpc.ibi (])H3HHCCKoro BaKyyMa 3aMemiTB hckoh 
M aTepnanBHOH cymiiocTbio caMoro incKTpHHCCKoro nona E huh, .ipyniMH cjio- 
BaMii, npocTO iickjhohhtb cymccTBOBaiii-ic cpc.ibi (])H3H'iccKoro BaKyyMa B pe- 
auBHOM npocTpaHCTBe h CHHTaTB, hto incKipi-i'iccKoc none E npc/iCTaBJiacT co- 
6 oh HeKyio ca moctohtcji bi ly io MaTcpiianbiiyio cyimiocTb b aocojiiomo nycTOM 
npOCTpaHCTBe, TO JieTKO ripUXO.lHM K H3BeCTHOH (JjyHKHHOHajIBHOH 3aBHCIlMOCTH 

(3.7) 

1 I* 

7 2 


w = — 

8ji 


>71 J 


E dv . 


(3.11) 


TaKHM o6pa30M, H3 conocTaBJicnm (3.7) n (3.11) movkiio yace 3aKJiK)HHTB, hto 
aOcTpaKTHBie mcto.ibi nycraro npocTpaHCTBa aBiuiiOTCfl BecBMa rpyObiMii npn- 
OJIHVKCIIHJIMH K peajIBHOH /1C H CT B I-l T C JI b 110 CT H, II HCn0JIB30BaHHe 3THX MCTO.IOB B 
(j)H3HKe, KaK 3TO II HMeJIO MeCTO B ,1C li CT B I-l T CJI b 110 C T I-l. npaKTHHeCKH HCKJIIOHaeT 
B03M05KH0CTB HOIlSITb HCTHHHyiO HpHpO.iy 3JieKTpHHeCKOTO nOJM. 


3. 3HeprHH iiojisipinamm cpeabi (J)H3HHecKoro BaKyyMa 

YnuTBiBan rio.iJipHianHomibic CBOHCTBa BaKyyMHOH cpc.ibi, aHanorHHHBiM 
o6pa30M npe.lCTaB.lHCTCJI B03M0)KH0CTB paCCMOTpeTB B3aH\f0,1 ciiCTBHC, HanpH- 
Mep, 3JieKTpiiHecKHx nonefi E, n E 2 ot ,ibvx lapa.ioB e, h e 2 , iiaxo/Hniinxcii Ha 
paccTOJiHHH r \ 2 ,ipyr ot .ipyra. Ecjih npniniTb bo BiiiiMaiinc (3.4). to .i.iji paoo- 
tbi nepeMemeHHJi nojmpi-nanHOimbix lapa.ioB BaKyyMHOH cpc.ibi b stom cnynae, 
Ka3anocB 6 bi, cnc.iOBa.io aaniicaTb 

W 0 =^E 0 e 0 J r 0 , (3.12) 

rae 


Eg — El + El 


(3.13) 
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- cyMMapHoe sneRTpimecKoe none b TOHKax naxo>K,iCHii« nojiapimimoHHoro 
3apana e 0 o . Othochtcjibho no.iipi-naimonnoro aapiia e 0 ^ motkho npe.inono- 


7KHTB, HTO 


= — |e,c?S + — £e,c® . 


4 71 J 


471 J 


s s 

rionaran 

dS = 2mf s'mydy , 

BBipa>KeHne (3.14) motkho nepenncaTB 

n n 2 

% 2 =yJs in Y^y + yJ\cos(psinyc?y, 

0 0 2 

r,n,e (p - yron MC>K,iy BeKTopoM E 2 n HopManBio k sjicMCHTapnoM noBepxHOCTH 
dS. y'iHTBiBasi (3.2), BBipa>KeHne (3.16) motkho npencTaBHTB cme b bh,ic 


(3.14) 

(3.15) 

(3.16) 


e 2 f r \ ( r \ - r i 2 cosy)sin y dy 
e o„ ~ e i+^~ 


2 { ( r i 2 +n 2 2 - 2 r,ri 2 cosy) 3/2 


(3.17) 


BemecTBeHHoe snaHcniic Hirrerpan b (3.17) HMeeT tojibko b cnynae r\ > r u , Tax 
Kax npn r\ < r l2 BHyTpn ctfiepBi pa/myca r\ oy/iCT naxo/niTBCi toubko o.thii 3a- 
p na, n b 3tom cnynae nonynuM 

e o l2 =ei- (3.18) 

n P H /'] > r 12 pemeime (3.17) HMeeT TpiiBHajiBHBiH bh.i 


-o r 


= e x + e 2 . 


(3.19) 


V THTBiBasi (3.2), no.napH3au,HOHHoro aapi/ia £’ (l ^ motkho cme 3anncaTB 

e o l2 = % + % ■ (3-20) 

IlpHHHMaa bo BHiiMamie (3.12) n (3.20) h ymiTBiBan Ko.i.iHiicapnocTB BeKTopoB 
E 0 h dr 0 , in 3Heprnn b 3 a m m o,ic il ct b h i sjieKTpimecKoro non E 0 c 
noJi3pH3an,noHHBiMH iapnaviH e 0 h e 0i BaxyyMa 6y,ic\i HMeTB 


w o =jf E o(% +%)dr 0 


huh, c yneTOM eme (3.13), 


W 0 =- 


= ^J E i(e°i + e o 2 )d r o + ~jE 2 (e 0i +e 0i )dr 0 . 


(3.21) 


(3.22) 


O/maKO BBH.iy y>Ke iBiioii HeKOJiJiHHeapHOCTH BeKTopoB Ei, E 2 h c/r (l H3 (3.22) 
c.ic.iycT BecBMa CTpaHHBiil, c (|)H3hhcckoh tohkh ipeima, bbiboh, hto /ichctbhc 
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3 JieKTpnHecKnx nonen E) nEi Ha nonnpH 3 an,noHHi>ie 3 apnnbi e 0| h e 0i BaKyyM¬ 


HOH CpCPBI ripHBO.lHT K CMCIIlCnHIO HX He B HanpaBJieHHH ACHCTByiOIHHX Ha HHX 

cnn 

F|' = E|e 0| , F"= E,e 02 , (3.23) 

Fj = E 2 e 0] , F 2 = E 2 e 02 . (3.24) 

B cbok) o i iepc,3B. BtiHHcneHHe (3.22) TaioKe He npuBo/n-iT k npneivuieMBiM siia'ic- 
n hhm h ana 3Heprnn sneKTpiiHecKHX nonen Ei h E 2 b ot/icubhocth ana o/moro h 
npyroro japa/ia. npoBC/icmiBie HCcnc/iOBaimsi noKa3BiBaioT, hto npn paccMOT- 
peHHH B3aHMO.TCHGTBHfl nOnapimpHOHHblX sapanoB e 0] H e 0 BaKyyMHOH cpe- 

ABI C 3JTC KTp H ’ICCKH MH nOJWMH E| H E 2 OT /IBV'X iapfl.TOB e\ H fi 2 OKaBBIBaCTCfl 
IICOOXO/IHMBIM dporo ,1H(])(])CpCIIHHpOBaTB BBaHMO/ICHCTBHC Ka>K/10r0 nOJMpH- 
ianHoinioro japa/ia e {] h e (l BaKyyMHOH cpc/ibi c o.iiihm Ei h /ipyn-iM E 2 sjtck- 

TpHHecKHM noneM. /(pyrnMH cnoBaMH, mo6oii sncMCiiTapiiBiii nojHipi-nam-ioii- 
hbih 3ap aa 5e 0i BaKyyMHOH cpe/ibi, i-m/iynupoBaimBiH sneKTpiiHecKHM noneM 

Ei, CBepmaeT pa6oTy 5 A, KaK npn nepeMemeHHH b sneKipunecKOM none Ei 

54 =^-E 1 5e 0i (/r 1 , (3.25) 

Tax h npn nepeMemeHHH b sneRTpimecKOM none E 2 

8A 2 =^E 2 8e 0 dr 2 , (3.26) 

npirneM, nepeMemeHHe nonnproaimoHHoro yap ana 5e 0[ Bccr/ia coBna/iacT c Ha- 

npaBneHneM /iCHCTByiomeii Ha Hero sncKTpH'iccKoii cnnbi. C v'ictom CKa3aHHO- 
ro, ana nonHOH siicprn h W 0 neyx b 3 a hmo/ic ii ct b y i o m h x MOK/iy co6oh 
sneKTpHnecKHX nonen Ei h E 2 , bmccto BBipa/Kcmoi (3.22) OKa3BiBacToi Heo6xo- 
nHMBIM 3anHCaTb 

Wo =^J E i(e 0| + e o 2 ) + ~ J ® 2 (e 0[ +e 0i )dr 2 , (3.27) 


HTO COOTBeTCTByeT 


Wq = 

2 


\\ E i e o t dr \ dr l + J E 2 e o, dr ^ + \\^2 e 0 2 dr 2, (3-28) 


Bbipa>KeHHe b Kpyrnbix CKo 6 Kax npcncTaBnacT co 6 oh mcpruio b 3 a hm on c ii c t b 11 a 
3 neKTpHHecKHX nonen Ei hE 2 MOK/iy co 6 oh, \tc>K/iy TeM KaK nepBbin h nocncn- 
hhh 'inciiBi, cornacHo (3.6), (3.8), npcncTaBnaioT co 6 oh co 6 cTBeHHyio sucpraio 
3 neKTpHHecKHX nonen Ei h E 2 . JAjin nepBoro (neTBepToro) HHTerpana b (3.28), 
npn HHTerpupoBaHHH no nepeMeHHOH r\(r 2 ), oonacTBio cymecTBOBamra nonnpn- 
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3au,HOHHoro lapa.ia e 0i (e„ ) Ha cejicpc pamyca r\(r 2 ) aBJiaeTCa Bee npocTpaHCT- 

bo ot r'i = 0 (r' 2 = 0) ,no r"\ = oo (r" 2 = oo). B ciiynae ace saeMeHTapHbix 3apanoB 
eoi h eo2 KOHeHHtix pa3MepoB r\ = r 0 h r\ = ro, o6nacTbio cymecTBOBaHHa nojia- 
pH3apHOHHi>ix lapa/ioB e 0 h e 0 cooTBeTCTBeHHO Ha c(])cpax pamyca r, h r 2 


6yAeT Bee npocTpaHCTBo bhg o6beMa 5v 0 i = 5vo 2 = 5vo = j n r 0 3 sneMeHTapHbix 

lapaioB. fljia nepBoro ace HHTerpajia b Kpyratix CKo6icax b (3.28), npn HHTerpn- 
poBaHHH no nepeMeHHOH r t , oOnacTbio cyinccTBOBanna nojiapniaiiHonnoro 3a- 
pana eoi ot 3JieKTpHHecKoro noiia E 2 aBjiaeica Bee npocTpaHCTBo bhg ccjicpbi 
pamyca r\ = r u . jik>6oh cijiepbi pamyca r t < r [2 sjieiapHHecKHH 3ap m e 2 , 
HHflyuHpyiomHH 3 jt c kT p hh cc ko c none E 2 , OKaibiBacTCH BHe cijicpBi, h no ycno- 
bhk) TeopeMbi (3cTporpa/ic ko ro - Faycca cyMMapHbin nonapH3au,HOHHbiH sneic- 
TpnnecKHH iapa,i e 02 BaicyyMHOH cpemi Ha /rannon ct])epc OKaiBiBacTcn paBHbiM 
iiymo. AHajiorHHHO h ma BToporo iiiiTcrpaaa b Kpyriibix CKo6Kax npc/icJiBi hh- 
TcrpnpoBanna /iojt/Kiibi 6biTb orpann'iciiBi cHH3y ajicpoM pamyca r 2 = r n . rion- 
CTaBnaa b (3.28) npeaenbi miTcrpnpoBanna ma cnynaa tohciiibix lapa.ioB e\ h 
e 2 , n ax on hm 


W 0 =- 


e,e. 


l e 01 


00 00 00 00 

f dr, t e x e 02 f dr, ^ e 2 e 0l r dr 2 | e 2 e 02 f ^2 (3 29 ) 

J r? 2 J r? 2 J r} 2 J 1 


HTO ,iaCT 


w n = 


e l e 01 


2r, 


+ e l e 02 + e 2 e 01 + e 2 e 01 


2r, 


Huh, yniiTbiBaa (3.19), (3.20), 


2r i 


o 


12 


e l e 2 

v 2/'i2 


2r- 


e 2 e \ 


2n 


2r~, 


e 2 e 0l 


21 J 


2 r 2 


(3.30) 


(3.31) 


A nano run no, ma enynaa lapaion e\ h e 2 koiiciiibix pa3MepoB ana BBipavKcnnn 
COOTBCTCTBCHHO (3.29) H (3.31) Oy/ICM HMOTb 


Wn - e l e 0> f dr l | e l e 02 f dr \ t e 2 e 01 f dr 2 , g 2 gQ2 f dl 2 (3 32) 

2 J r, 2 2 J r, 2 2 J r 2 2 J n, 2 


^0 = 


2/n 


e l e 2 , e 2 e l 


V 2r 12 


+ - 


2r. 


21 3 


2 

_f2_ 

2r n 


(3.33) 
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rae r 0 - pa.inyc lapaaoB e\ h e 2 . AnanniHpya (3.30), MoacHO 3aMeTHTB, hto 
cpcannil HJieH b Kpyrnbix ckooktix (3.31) npeacTaBnaeT co6oil 3Heprmo B3anMO- 
aencTBiia W n 3JieKTpn nee ko ro nona E\ c nonapH3anHOHHbiM 3apaaoM eo2 Baicy- 
yMHOH CpC.TBI, HIl.iyUHpOBaimblM 3JTC KTpH'ICCKHM nOHeM E 2 , II jncpruio B3aHMO- 
acilcTBiia Wi i 3JTcKTpH'icc koT o nona E 2 c nonapimuHOHHbiM japaaovr eoi Baicy- 
yMHoil cpc.TBi, HiMynupoBamiBiM 3jt cKTpH'icc k H m noneM E u T.e. 

e.e,,-, e,e„, e,e, 

U = W U +W n = + = (3.34) 

2 r l2 2 r 21 2 r n 

O.TiiaKO to ace caMoe inaHcimc (3.34) ana snepniH BiaHMoacilcTBna ,tbvx to- 
neHHbix iapa.TOB e\ n e 2 nonynaeTca n npn oomenpi-maTOM bbibo.tc [3, 4] 


U = (Pl e 2 


e l e 2 

2r, 


12 


(1.35) 


ocHOBaHHOM, KaK H3BecTHO, Ha npHHHiine aajibHoaeHCTBua h aonymeHHH OTcyT- 
CTBua b paccMaipHBaeMOM npocTpaHCTBe jiio6oh MaTepnanbHoil cpeaw. Cneao- 
BaTenbHO, npoBeacniiBiil bbiiiic cjiopManbHBiil nepexoa ot (3.34) k (3.35), no cy- 
mecTBy CBoeMy, tkbhbhjiciitcii npocTO no.TMcne peantHoro npocTpaHCTBa cpeaw 
([)H3H'iccKoro BaKyyMa Ha HepeantHoe nycToe npoeipaHCTBO, co BceMH BtiTe- 
KaiomHMH OTCioaa nocneacTBuaMH. Ecjih b BBipavKcnini (3.35) <[)H3 h 1 icckhh 
CMBICJI aeHCTBHTenbHOH IipHpO.TBI 3HeprHH B 3 a M M O.TC 14 CT B IT a JJTCKTpH'ICCKHX 
noneil Ej h E? aapanoB e\ h e 2 b nycTOM npocTpaHCTBe OKa3biBaeTcn npocTO 
ncaocTyniiBivi ana noHHMamia, to b BBipavKcnini (3.34) acncTBHTcnbnaa npnpo- 
aa 3HeprHH B3aHMoaencTBHa aneKTpiiHecKHX noneil Ei h E 2 3apaaoB e\ h e 2 b 
cpeae <j)H3HHecKoro BaKyyMa noaaaeTca yace nornnecKOMy ocMbicneHHio. 

CneayeT erne otmcthtb, hto nonyneHHaa HOBaa (JiynKiiHOHanBiiaa 3aBncii- 
moctb (3.29) ana ancpn-m B3anMoaeilcTBHn U ancKTpH'iccKHX noneil Ei n E 2 
Meacay co6oil 'icpci B3anMoaeilcTBHe sthx noneil c nonaproapHOHHbiMH 3apa- 
aaMH BaKyyMHoil cpcaBi b Bnae 


U = 


00 



e 2 e 01 

2 



(3.36) 


KOHenHo ace, hh b Koeil Mepe He eooTBeTCTByeT HailaeHHoil b nepBoil Haora 3a- 
bhchmocth ana 3HeprHH B3anMoaeilcTBHa 3ncKTpH>iccKHX noneil E] H E 2 BHaa 

00 00 

U = f EjE 2 dv + f E 2 E[ dv , (3.37) 

571 J 571 J 

Av Av 


xoTa KonnHecTBeHHO ohh n npnBoaaT k 3KBHBaneHTHbiM pe3yntTaTaM. Bo- 
nepBbix, ecnn b (3.37) iico6xo4Hmocti> orpaHnneHna CHH3y npeaena HHTerpnpo- 
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Bamui, KaK 3 to Dbino noKa3aHO paHee, HHKaK He CJieAyeT H3 o6mero BBipaaceHns 
ana nonHOH SHeprim Wo pe3ynBTHpyiomero sneRTpunecKoro nona E 0 , sanncbi- 
BaeMoro b bhtic 


1 00 

w ° = te[ E ° 



dv + 


8 71 


00 00 

JEjEj dv + JE 2 E, dv 


+ -Lf 

871 J 


Ei dv, 


(3.38) 


Vo o J o 

to b (3.29) nco6xo,i mmOct i) orpairn'icimn npeaena HiiTcrpupoBaiiHH cHH3y aBTO- 
MaTHHecKH cuc/iycT H3 ycnoBiM (3.14) BbinonHeHiM TeopeMti OcTporpa/icKoro - 
f aycca. Bo-BToptix, BBipaTKeHiie flji a sncpm h b 3 a hmo,tc ii ctbhm U H3 (3.28) 


00 00 

U = \\ El6 ° 2 dh + \ J Eie ° l dr2 (3 ' 39) 

r 12 r 21 


He npiiBOflHTCJi tohho k bi-i/iv (3.37). HanpiiMep, ecnn b (3.39) sncMciiTapiiBic 
pa6oTi>i §Wi h 8W 2 


8W 1 - ^ E ^02 dr j , (3.40) 

5W 2 =jE 2 e 01 dr 2 (3.41) 


coBcpmaioTCJi npn nepeMemeHHH no.rapH3au,H0HHBix japa/ioB e 0 2 h eoi no Ha- 
npaBJieHHJiM c/r h dv 2 , coBna/iaiomuM c nanpaBJicnircM /iclicTByiomux Ha sth 
iapa.iBi chji Fi h F 2 

Fi=Eieo 2 , F 2 = E 2 eoi, (3-42) 

to b (3.37) npc/icTaBJicimc 06 3JieMeHTapHBix paooTax 5ll) h §W 2 

8W, = —E x E 2 sincpi dv = — E l e 2 coscp! dr 2 , (3.43) 

8tt 2 

8W 2 = —E 2 E 1 coscp 2 dv = —E 1 e l coscp, di\ (3.44) 

8ji 2 


8W 1 


= -E l e 2 dr 2 , 


(3.45) 


&W2 = — E 2 e| dr, 


(3.46) 


HJIH, HTO TO ^Ce 
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jiBnaeTca, no cymecTBy, (JiopMantHBiM, TaK KaK sth paooTBi CBJiiBiBaioTCJi c ne- 
peMcmeniieM ([iukthbiibix aapji/ioB e 2 h e\ b TOHKax iiaoino/icnuji. otctojiihhx ot 
HCTHHH oro iioho/Kciihji aapji/ioB e 2 n e x cooTBeTCTBeHHO Ha paccTOJini-uix r 2 h r x . 
K TOMy >Ke, cornacHO (3.45), (3.46), ncpcMcmcnnc aapji/ioB e 2 n t‘\ no HanpaBJie- 
n hjim dr 2 h dr x He cooTBeTCTByeT nanpaBnenujiM /ichctbvioihhx Ha sth aapji/iBi 
cooTBeTCTByiomux chu F[ h F 2 (no HanpaBnemuiM dr x ii dr 2 ) 

Fj — E,e 2 , F 2 ~ E 2 e,. (3.47) 

C (|)H3HHecKOH tohkh 3peHHji, HiiTepnpeTaiiHJi 3JicMciiTapiiBix pa6oT 5 W\ (3.45) 
h 5 W 2 (3.46) OKaiBiBacTCJi b TiiaHHTCJiBiioH cTeneHH 3aTpy/in htcjtb noii. Heno- 
hjitho Boo6me, KaKOH (J)H3H'icckhh cmbich motkct npe/iCTaBJi jitb pa6oTa B 3anH- 
cax BHjia 8Wi (3.45) h 8W x (3.46) c (Jjhkthbhbimh 3apanaMH e 2 h e\ (b 3anncax 
(3.40), (3.41) hm cooTBeTCTByioT nonapH3anHOHHi>ie 3apani>i e 02 h eoi BaKyyMHOH 
cpe.iBi), xotji. c npyron CTopoHbi, 3anncn (3.40), (3.41) h (3.45), (3.46), b KaKoii- 
to CTeneHH, BcciAia cxotkh MOKyiy co6oh. H 3 cpaBiicimJi (3.40), (3.41) h (3.45), 
(3.46), b nacTHOCTH, bhhho, hto (jniKTHBHbie 3apani.i e 2 h e l b (3.45), (3.46) 
iipe.TCTaB.B jiiot co6oh hh hto HHoe, KaK noHJipujanHoniiBic iapji/iBi e 0 2 n eoi Ba¬ 
KyyMHOH cpc.TBi, oniiaKo 6e3 bbibo/ui (3.40), (3.41) TaKnx 3aKJiioHeHHH othoch- 

TeJIBHO HCTHHHOTO cflHTHHCCKOrO CMBICJia ([IUKTHBIIBIX japjl/lOB e 2 H e\ CHC-iraTB 
6bIHO 6bl HeB03M0>KH0. OopMajIBHO BBipajKCIlIIC (3.39) MO>KeT OBITB npUBCHCHO K 
Buny, cxovkcmv c (3.37), ecJiH b (3.39) bmccto nonjipH janHoiiiiBix japji/ioB e 02 h 
eoi no/icTaBHTb HucneHHo paBHbie hm sapa/iBi e 2 h ei, T.e. 


-if 


E \e 2 


4 nr. 


2 ^ 


v '2 


4 nr. 


l J 




dr\ + — | E 2 e x 


4nr- 


2\ 


4nr- 


dr 2 


(3.48) 


2 J 


B 3tom cnynae, nepexo/ui ot peanbHOH BaKyyMHOH cpe/iBi k a6cTpaKTHOMy nye- 
TOMy npocTpaHCTBy, oy/iCM hmctb 


U = — f 

8jt J 


E\ E 2 


f r^ 


dv, + — 


1 

8 71 


E 2 E x 


f r^ 


v '2 ) 


dv 2 


(3.49) 


H 3 (3.37) h (3.49) bh.tiio najiHHHe cymecTBeHHoro otjih'ihji b BBipa/Kcniuix /uni 
3Heprnn b 3a h m oneil c t bhji 3jicktphhcckhx iiojtch Ej h E 2 . 
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4. 3HeprHa B3aHMoaettcTBHa 3JieKTpHiecKoro nojia c BaKyyMHOH 

cpeaofi 


nocne ycTaHOBJieHiM cjjyHKHHOHajiBHOH 3aBHCHMOCTH ana nonHOH SHepriin 
B3aHMoaeHCTBiM Wq (3.27) 3JieKTpnHecKoro nona E 0 c BaKyyMHoit cpezion chc- 
TeMti H3 ,iByx 3apaflOB e 2 h e u movkiio nepeimi k onpejjeneHHio nonHOH sncpn-m 
B3aHMoaeHCTBna 3JieKTpnHecKoro nona E 0 c BaKyyMHOH cpe/ioil chctcmbi H3 n 
japa/iop.. npe/i b ap m tc n biio BBimimeM H3BecTHBie BBipaacemia aim nonHOH co6ct- 
BeHHOH 3HeprHH W E CHCTeMBI H3 /? TO'IC'IIIBIX 3JICKTpHHCCKHX iapH.TOB, 3aKJIK>- 


HeHHOH B o6BeMe Vo, 



(3.50) 


H nOJIHOH nOTeHIiHaJIBHOH 3HeprHH B3aHMO,ZjeHCTBHH CHCTeMBI H3 H TOHeH- 
HBIX 3apjmOB, 3aKJIK)HeHHBIX B o 6 BeMe Vo, 

t/o=4S— (j*k), (3.51) 

2 a 

OnpC/ICJIHCMBIX H3BeCTHBIMH MCTO/iaMH, OCHOB3HHBIX Ha npcacTaBJicniiax a 6 cT- 
paKTHoro nycToro npocipaHCTBa h up Hiinnna ^ajiBHO^encTBua. B cootbgtctbhh 
>Ke c (3.27), (3.28), rjisl nonHOH SHepriin B3aHMO,neHCTBHa sjieKTpiiHecKoro nona 
E 0 c BaKyyMHOH cpc/icii chctcmbi H 3 n tohchiibix aapa/ioB, 3 aKJiK>HeHHBix b o6b- 
eMe v 0 , nonynaeM BBipaaceHne 

1 T " 1 > " 

w ° = 2 J X £ ' e °‘ dr ‘ + 2 JX E,e ° k d>l (3 ' 52) 

0 i 0 Uk 

IlepBBiH HJieH cnpaBa b (3.52) npc/iciaBJiacT co6oh sncpraio nonapH3apHH 3apa- 
.30 b e 0 ; BaKyyMHOH cpe/ibi b sjieKTpiiHecKHX nonax E h kotopbimh ohh i-m/iyunpo- 
BaHBi. BTopoil >Ke HJieH (3.52) npc/iCTaBJiacT co6oh jncpraio nonapH3aHHH 3apa- 
aoB e 0 k BaKyyMHOH cpcciBi b 3JieKTpiiHecKHX nonax E h KOTopBie /laniiBic nojispH- 
3apHOHHBie aapa.iBi He unnyHupyioT. Ecjih ace hcxo/ihtb h 3 H3BecTHBix npe.T- 
CTaBJieHHH 06 3HeprnH sacKTpu'icc koto nona W 0 cornacHo (3.50), (3.51), to 
nepBBiH much (3.52) iipe/icTaBnacT co 6 oil hh hto HHoe, KaK nonHyio cooctbcm- 
Hyro jneprino W E 3JieKTpiiHecKoro nona CHCTeMBI TO'icniBix 3apa/ioB 'Y J e i , a 

i 

BTopoH 'loci i - nonHyio noTeHunajiBHyio sneprmo b 3a hmo.tc ii ct b h a lj t] CHCTeMBI 
ToneHHBix 3apa/ioB MOK/iy coooil 

Wo = W Eo + Uo, 


(3.53) 
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rae 


=}jX £<e ° i dr i ’ 

0 i 

(3.54) 

°° n 

■fy ] E i e ok dr i a+ k )- 

(3.55) 

r ik l ’ k 



B KOJIHHeCTBeHHOM BbipaaCCIlHH f |) y [ r K u II <-> [ I a rr 111JIC 3aBHCHMOCTH (3.50), (3.51) H 
(3.54), (3.55) npHBo/WT k opiihm h TeM >Ke pciynbTaTaM. OpuaKo, uccMOTpa Ha 
TO>KAecTBeHHOCTi> pe3yni>TaTOB ana cooctbciiiioh 3Heprnn W F h ana 

noTciinnanBiioH 3HepniH BsaHMoaciicTBiia Uq, nonyaacMbix cornacHO 
BbipaaceHHil (3.50), (3.51) h (3.54), (3.55) (npn ycnoBHH (JiopMantHbix 
noacTaHOBOK eoi — e,- h e o* = e*), Meacay hhmh HMeioTca h npnHHnnnanbHBie 
OTniiHua. B aacTHOCTH, cornacHO cjjopMantHOH cymHOCTH, 3anoaceHHOH b 
BbipaaceHiinx (3.50) h (3.51), coocTBCimaa ancprna W E h noTcnnuanbiiaa 

3Heprna B3aHMoaeilcTBHa U 0 3aKmoaeHHOH b oOteMe v 0 CHCTCMbi 3apaaoB Yfii 
npeanonaraeTca noKanH30BaHHOH, ecTecTBeHHO, TonbKO BHyipn 
paccMaTpuBaeMoro oovcMa Vo. B npocTpaHCTBe BHe oOteMa Vo, rae 
ancKTpH'iccKHc 3apaati oTcyTCTByioT, oTcyTCTByioT h 3Heprnn W' E =0 h 

U 'o = 0. KpoMe Toro, cornacHO (3.50), (3.51), onpeaeneraie ancprun bcch 
cucTeMbi 3apaaoB Wo ocnoBbiBacTca TonbKO Ha npeacTaBnemiax o TO'ic'iiibix 
aneKTpHaecKHX 3apaaax h paccToaHHax Meacay hhmh, npn 3 tom npeacTaBneHHe 
06 ancKTpH'iccKOM none KaK TaKOBOM Become numeHO KaKoro-nn 6 o pcanbiioro 
cj)H3HHecKoro cvibicna. CornacHO ace (])op\ianbnoH cyinnocTH, 3anoaceHHOH b 
Bbipaaccimax (3.54), (3.55), coocTBCimaa ancprua W E h noTcnnuanbiiaa 

3Heprna B3aHMoaeHCTBHa C/ 0 CHCTCMbi 3apaaoB Yfii npeanonaraioTca 
noKanH30BaHHBiMH He TonbKO BHyTpn oOteMa Vo, ho h BHe ero. /(pyrnMH cnoBa- 
mh, ancKTpH'iecKHC 3apaati CHCTCMbi Yfii, pacnpcacncniibic b 3aMKHyTOM oOteMe 
Vo, B3aHMoaeHCTByioT caMH c co6oh h Meacay co6oh He TonbKO ncpca npocipaH- 
CTBO BHyTpn aaHHoro OObCMa V 0 , HO h Hcpci npOCTpaHCTBO, KOTOpOe HaXOaHTCa 
BHe 3aMKHyToro o6i>eMa Vo. TaKoe B3aHMoaeHCTBiie b pc an b noil aencTBHTenbHO- 
cth MoaceT obiTb B03\foaciibi\f TonbKO npn ycnoBHH noneBoro xapaKTcpa nepeaa- 
hh B3aHMoaeHCTBHa KaK ot oaHoro 3apaaa k apyroMy h ko BceMy OKpyacaiomc- 
My npocTpaHCTBy, TaK h npn ycnoBHH pcanbiiocTH cymecTBOBaHHa cpeati (Jihbh- 
necKoro BaKyyMa, 3anonHniomeH Bee OKpyacaiomee iapaabi npoeipaHCTBO KaK 
BHyTpn, TaK h BHe Bbiacncimoro 3aMKHyroro o6i>eMa Vo. Koncnio, ana non noil 
3HeprHH Wo CHCTCMbi aapaaoB BaKnKl'icnnoH b o6i.eMe Vo, (|)op\tanbHo mo- 
aceT 
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>KeT 6 biTi> 3anncaHo eme h oomenpiTiiTiioe BBipa>Kcni7c Bir/ra (3.38), T.e. 


W 0 = — 

8 71 


00 CO 00 

0 0 ' 0 «.* 


E.-Ej. dv ik 


(i*k), (3.56) 


opiiaKO i ip it m chit moot b /raniioro Bbipa>Kcnnji aim citctcmbi aapTi.ioB cnc/ryei 
CHHTaTb orpairn'icimoH, TaK KaK He y/racTCTi nai-iiiT y ,io bjt e i b op it tcii b 11 o ro o6oc- 
HOBaHiM orpairn'ieiiHJiM Ha hhtkhhh npc.icji iTiiierpiTpoBaiiiTTi Av ik bo btopom 
HHTerpane cnpaBa b (3.56), onpe/rc.BTiioincro SHeprmo BiaiTMO/rciicTBiTTi U 0 sneic- 
Tpn'iecKHX iioJTcii E,- h E/ ; MOK.py co6oh b bit/tc 


U o= — 

8 71 


i 12> 


E * dv ik 


(i ± k). 


(3.57) 


B cbok) o'lepc/iB, orpann'icimocTB b npuMeHHMOCTH BbipaaceHiia (3.57) cbit/tc- 
TenbCTByeT co6oh b no.Bbiy Toro, hto ,ia>KC c noneBOH tohkii ipeima iienocpe/r- 
CTBeHHOe BiaiTMO/TCITClBITC 3JieKTpHHeCKHX IIO-BCH E/ H E/ ; MOK.iy C060H 0Ka3bI- 
BaCTCTI. OHCBIT.IIIO, TaiOKe Ma.30 B C p O 71T11BI \T. EcTeCTBeHHO B03HHKaeT Bonpoc, l IC\T 
>Ke Tor.pa Bbi3BaHa ctojib donbinaa npuMeHHMOCTb orpaim'ieniioro b cboch oc- 
HOBe BBipaVKCIlIOI (3.56) B (j)ITHTKC, H HaCKOJIBKO KOppeKTHBI pOKa3aTC.3BCTBa, 
IT C IT 0-3 B 3 y C \T BIC ,1.371 BBIBO,13 H o6oCHOBaHH5I STOTO BBipa>KCIII77I. Jlflfl OTBeTa Ha 
3 tot Bonpoc cnc/rycT donee no.ipoono ociaiioBiiTBCTi Ha iicKoiopbix MaTeMani- 
HeCKHX npHeMaX, C IIOMOIIIBIO KOTOpBIX yCTaiiaB.3HBaCTC7l (])Op\Ta.3BIia7I B3aHM0- 

CB33B Me>Kny (3.56) h (3.50), (3.51). 


5. AHajiH3 H3BecTHbix npencTaBJieHHH 06 3HeprHH 3JieKTpHMecKoro 

nojifl 


B KHiire [5] ana nonHOH jiiepriiii W n pe3ynbTiipyiomero sacKipii'iccKoro 

ri 0.371 E 0 CHCTeMBI iapTl.lOB Yfii ITCITO-3 B3yCT C71 001 [lCITp IT 117IT7T7I 3anHCb 

Wo=^-\E 2 odv, (3.58) 

871 J 

V 

r,ic iTirrerpa.3 oepeiCTi no BceMy npocTpaHCTBy v. rio/iciaiioBKa b (3.58) H3BecT- 
Horo paBeHCTBa 


E 0 = -grad <p 


(3.59) 
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npeo6pa3yeT ero k bh.iv 


1 


w o =-^jE 0 grad(pfi?v. 


(3.60) 


CoraacHO npaBiina npiiMcncnna onepaTopa TaMHntTOHa, 3amici> (3.60) laMciia- 
CTca. Ka3anocb 6bi, SKBHBaneHTHon lanucbio 


W 0 = - — 

8k 


f div(E 0 (p)<iv + — f tpdivE c 
J 8 71 J 


dv, 


(3.61) 


r;ie nepBbin hjich cnpaBa, no ycnoBino TeopeMbi Taycca, motkot 6biTb npe.iciaB- 
neH enje b Bnne 


W r 


1 

=-() 

8 n. 


1 


cpE 0 dS + — I tpdivE 0 dv . 
871 J 


(3.62) 


TaK KaK nepBbin iiHTerpan b (3.62) 6epeica no noBepxHOCTH S, orpaniiHHBaio- 
men o6beM HiiTcrpupoBannH v, a HHTerpiipoBaHiie npoHiBo.iHTca no BceMy 
npocTpaHCTBy, to Ha occkohchhocth motkho hohovkhtb E 0 = 0, (p = 0, n nepBbin 
iiHTerpan OKa3biBaeTca paBHbiM Hymo. B pe3ynbTaTe BbipavKcnnc (3.62) OKa3bi- 
BaeTcs paBHbiM 


Wr 


=^f 

8 tt J 


tpdivE 0 dv. 


npiiHiiMaa bo BHiiMamie, hto 

div E 0 = 4?ip 

ana nonHOH SHeprmi Wq cncTeMbi lapn.ioB Yfii ycTaHaBJiHBaeM BBipa>KenHe 


W °-2 


“ J* p(p dv. 


(3.63) 

(3.64) 

(3.65) 


ricpcxo.ia ot HenpepbiBHoro pacnpeneneHiia lapn.ia k .iiicKpcTnoMy 

P = ^ e / 5 ( r «-- r /)> ( 3 - 66 ) 


BBipavKeiiiie (3.65) npeoopaiyeici k oKonnaTCJibnoviy bh.iv 

W 0 = ^X <P,e 'j 8(r ' ~ r ^ dv ' = \ X 9 ' 6 ' ’ 


(3.67) 


Pic <p,- - noTeHnnan nona ot Bcex lapa.ioB b to'ikc naxovK.ienini ;-ro aapa.ia. Ec- 
.111 H3 CyMMbI (3.67) BBI.1C.1HTB H.ICHBI. OOOlHaHaKMHHC BiaHMO.lCHCTBHC lapfl.lOB 
e, c cooctbciihbim noiieM cp',- 

1 


w n =- 




(3.68) 
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to Bi>ipa>KeHHe (3.67) /pia nonHofi TiiepniH W t] mo>kot 6bitb npe/iCTaBneno b bh- 
ae 


w °=2 X ^ + i X <P * e '' ^ ^ 


HJIH 


7 i—i 7 


e ; e ,. 


2 " ^ 

i,k 


(i ± k ) 


(3.69) 


(3.70) 


pic <p/. = etJr jk - noTeHunan noun ot /c-ro lapa/ia b tohkc naxo>K 7 ienii;-i /-ro 3apn- 
fla, 

r 0 - pa/uiyc ctficpn'iccKoro iapsi/ia e,-. 

H3 conocTaBJieHiui c (3.50),(3.51) bh.tiio, hto BBipa>KeHHe (3.70) /ichctbhtcjibiio 
OK aBBiBacTCH nojiHOCTBio OKBHBaneHTHBiM. B HacTHOCTH, b npocTeitmeM cnynae 
aim chctcmbi H3 ,tbvx sapa/ioB e \ h e 2 , b cornacHH KaK c (3.50), (3.51), TaK h c 
(3.70), HaxoaHM 


W 0 = — + 

2r 0 


e l e 2 + e 2 e \ 
V 2r 12 


2 r- 


2i y 


2 

_f2_ 

2r n 


(3.71) 


Hcxoflfl H3 nony'icnnoro TO>K/iccTBa, .nenaeTcn bbibo/i, hto lanncn (3.69), (3.70) 
IIOJIHOCTBK) OKBHBajICHTHBI 3amiCH (3.58). O/nraKO B TCiiCTBHTCJIBHOCTH 3KBHBa- 
neHTHOCTB 3Ta OKaiBiBacTCJi (JiopMajiBHOH, Tax xax npuMoe pemeHHe (3.58), Ha- 
npuMep, ana cnynaa 3Heprnn chctcmbi m /iByx iapfl/ioB e\ 11 e 2 npiiBO/iHT k pe- 
3ynBTaTy 


W ri =- 


2 r n 


*1*2 


2 r . 


'2*1 


2 r. 


2 r n 


(3.72) 


cymecTBeHHo oTJiiiHHOMy ot (3.71). rtpiiHUHy pacxo^eHiui (3.71) 11 (3.72) Jier- 
ko ycTaHOBHTB, ecnH oopaTHTBca k (JiopMajiBHBiM npeo6pa30BaHHHM (3.60), 
(3.61), (3.62). ,E(:ia Hariui/inocTH paccMOTpiiM BBipa^KeHiie (3.60) npuMeHHTenB- 
ho, HanpuMep, k cnynaio chctcmbi H3 /IByx aapa/ioB e \ h e 2 . B stom cnynae, b 
aHanornHHOH nocneaoBaTenBHOCTH, movkiio lanucaTB 


1 r 

W r , = — [E 

%7T ■* 


dv = - 

8;r 


p— f(E, + E 2 )grad(<p 1 +< p 2 ) dv = 

! 77" J 


- — |*E, gradw, dv -— ("e, gradcp 
8jiJ 1 1 8jiJ 1 

- J E 2 grad(pi Je 2 g rad(p 2 


dv — 


dv . 


(3.73) 


flajiee, aHanorHHHo nepexony ot (3.60) k (3.61) h k (3.63), 6y/ic\t hmctb 
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W n =— f cp, divE,(7v + — ("m, divE 2 <iv + 

8jiJ 1 8jiJ 1 

— f (Po divE,c/v + — I"(Pt divE 2 dv 
8jtJ 8 jiJ 

H 

Wo = j Jpi<Pi dv + j Jp 2 (pj dv + j J pj(p 2 dv + ^j p 2 cp 2 dv. 
YnuTBiBaa [4], hto 

Pi = ei5(r, - r'i), p 2 = e 2 5(r 2 - r' 2 ), 

ZiJiH nonHOH 3HeprHH Wo OKOHHaTentHO HaxoOTM 


hjih, b ^pyroM BH,a,e 


W 0 =~ ( Pl e l +^“ ( Pl e 2 + ~ ( ( > 2 e l\ + '^ ( f > 2 e 2 


2 \ 2 
jtt e \ e 2 e \ e \ e 2 e 2 

w n = —- + -^- L + 

\) r\ r\ r\ r\ 


2r x {2r l2 2 r 2x ) 2 r 2 


Ot nonHOH SHeprim Wo (3.78) movkiio nepemn k BJicMCiiTapiioil 


dW 0 = — %rdr x - dr x + ~-^\dr 2 

2 r~ 1 2 K 1 2rr 2 2r . 2 2 


dW 0 = ~E x e i dr x + \-E x e 2 dr x + \-E 2 e x dr 2 1 + ]-E 2 e 2 dr 2 . (3.80) 

Z v z Z / z 


HcnoJiKBya npeoopaaoBaim?! (3.43), (3.44), nonpooycvt Bani-icaTB cootbgtct- 
Byiomee Btipa>KeHHe ziJia 3JieMeHTapHOH padoTti §W n ana (3.80) 


dW 0 = — E x e j dr x - —E x e 2 cos(p x dr x + —cos^9 2 dr 2 —i? 2 e 2 dr 2 , (3.81) 


KOTopoe OKaabiBacTca y>Ke hbiio He 3 kb hb aji chthmm (3.80). 

TaKHM o6pa30M, c mbtcm a t h h cc ko il tohkh ipenini. Bpo.ic obi KoppcKTiiBiii 
nepexoa ot (3.73) k (3.74) (aHajioniHHBra nepexoay ot (3.60) k (3.61)), npiiBO- 
AHT k BectMa 3aMeTHOMy otjihhhio koiichiibix pe3yjitTaTOB (3.80) h (3.81), Kor/ia 
yHHTtiBaioTca peanBHBie nponeccbi b cpe/ic <])H3HHCCKoro BaKyyMa. O/uiaKO ec- 
jih, c MaTCMaTH'iccKoil tohkh jpeima, KoppeKTiiocTB iiepexo/pi ot (3.73) k (3.74) 
^eHCTBHTenBHo, Ka3anocb obi. hbjihctch 6e3ynpeHHOH, to, c (J)H3HHecKOH tohkh 
3peHHH, OTJTHHH5I MOK.iy BBipa/KCIlIHIMH (3.73) H (3.74) OK'aBBIBaiOTC JI npocTO 
pa3HTeJiBHBiMH. HanpuMep, ecnn ana BToporo HJieHa (3.73) BBiopaTB 3JicMciiTap- 
hbih o6i.eM dv i HiiTerpupoBaimH b6jih3h TonenHoro japa/ia e x , aim KOToporo 
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moacho nonoaciiTb E — > oo h grad cp 2 = const, to flna 3HaneHHa noflHHTerpanbHoro 
BbipaaceHiia 6y/ie\( HMeTb 

Ei grad <p 2 dv\ —*■ oo. (3.82) 

Meatfly tcm KaK flna ototo ace 3JicMCiiTapnoro o6b cm a dv\ b cooTBeTCTByiomeM 
Hncnc (3.74) flna noflbiHTerpaiiBHoro BbipaaceHiia HaxoflHM 

cpi div E 2 dv i = 0, (3.83) 

Tax KaK flna tohck BHyTpn ojicMCiiTapnoro odbeMa dv\ HMeeM (p| —> go h 
div E 2 = 0. Ecnn ace TcnepB 3Jic\(eiiTapiiBiii oobcm dv 2 Bbi6paTb yace b6hh3h flpy- 
roro TO'ie'inoro 3apafla e 2 , to flna Tex ace hjiciiob (3.73), (3.74) eooTBeTCTBeHHO 
ycTaHaBJiHBaeM 


Ei grad cp? dv 2 —> oo, (3.84) 

<Pi div E 2 dv 2 = 0, (3.85) 

T.e. b jtiooom cnynae BTopoii nneH (3.74) OKaaBiBacTca paBiiBivi Hynio. H tojibko 
flna cnynaa, Korfla BJicMCiiTapiiBiii o6beM dv' 2 oxBaTBiBaeT 3apafl e 2 , 6y/ic\i HMeTb 

Eigradcp 2 c/v' 2 —> oo, (3.86) 

cp! div E 2 dv' 2 = cpi(47ie 2 ) = const. (3.87) 

H3 conocTaBJieHHH pe3ynbTaTOB (3.80) h (3.81), (3.82) n (3.83), (3.84) h (3.85), 
(3.86) h (3.87) flocTaTOHHO HarnaflHO bhaho, hto MaTCMaTiniecKHii (J)opMann3M 
nepexofla ot (3.73) k (3.74) h ot (3.60) k (3.61), c c|)H3HHecKOH tohkh 3pemia, He 
aBnaeTca ocaynpciiiBiM. /(na toto, hto6bi OKOHHaTenbHO iioiihtb. hcm ace Bce- 
TaKH BBi3BaHo OTflinme kohchiibix pe3ynbTaTOB (3.58) h (3.65), cneflyeT o6pa- 
thtbca k nepBOMy Hncny cnpaBa b BBipaacennn (3.61), KOTopBiii HMeeT bh.t 

W = —— f div(E 0 cp)c/v. (3.88) 

8ji J 

AHanH3 (3.88) noKa3biBaeT, hto ana nio6oro aneMeHTapHoro odteMa dv b6hh3h 
3apaflOB e\ h e 2 noflbiHTerpanbHoe BbipaaceHne (3.88), Boo6me-To, He paBHo Hy- 
jik), TaK KaK div (Ecp) BeKTopa E 0 cp aBJiaeTca yace abohhoh cjjyHKmieH KoopflHHaT 
h flna niodoH tohkh npocTpaHCTBa He MoaceT obitb nonoaccira paBHoii Hynio. H 
tojibko flna to'ick npocTpaHCTBa Ha occkoiiciiiocth noflbiHTerpanbHoe Bbipaace- 
HHe (3.88) CTpeMHTca k Hynio. BnonHe ecTecTBeHHO, hto h Bca jncpnia W 
(3.88), onpefleneHHaa HHTerpupoBaHiieM no BceMy npocTpaHCTBy, Taicace He mo- 
aceT obitb nonoaceHa paBHoii Hynio. CneflOBaTenbHO, nepexofl ot (3.61) k (3.62) 
Taicace Hent3a cniiTaTb KoppeKTHbiM. Bbi3biBaeT onpefleneHHbie coMHeHiia h one- 
pawia (3.66) nepexofla ot iicripcpBiBiioro pacnpefleneHiia 3apafla b oobcmc Vo k 
flHCKpeTHOMy. C (J)H3HHeCKOH TOHKH 3peHIia, TpyflHO flOnyCTHTb, HTodbl eaM 
npouccc nepexofla 3apaflOB H3 HenpeptiBHoro pacnpefleneHiia b flHCKpeTHoe n 
oopanio He 6bin 6bi cBa3aH c onpefleneHHbiMH sHepreTHHecKHMii H3MeHeHiiaMH 
B CIICTeMe. 
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HaKOHeu, paccMOTpiiM eme o/uio oomenpinniToe /ioKa3HT cjtbctbo 3KBHBa- 
neHTHocTH 3Heprnii U{) (3.51) h Uq (3.57). B pa6oTe [3], b uacTiiocTH. /uia ciic- 
TeMti H3 ,Tnyx sapa/ioB e\ h e 2 /lonycKacTCH. hto earn paccTOHiinc MC/K.ay 3apa- 
AaMH e\ h e 2 pocTaTO'ino bojihko no cpaBHeHino c nx pa3MepaMH (tohchiibic 3a- 
pa/iBi), to BBipa>KeHHe (3.51) nna snepn-m b3 a mm o/i c il c t b mi Uq jthx aapa/ioB 
cbohhtca k BBipa^KOHino (3.57). /JoKasaTen bgtbo rio/ioonoro /lonymenmi ocho- 
BBiBaeTCJi Ha npuMencnmi TeopeMBi fpuna 


| [v|/V 2 (p + (V(p)(V\|/)]rfv = (W—(/.S’ 

dn 


(3.89) 


k (JiopMyne 


Uq- — 
8 ji 


|e, 


E 2 dv . 


(3.90) 


eCJIH BOKTOpBI El H E 2 BBipa 3 HTB nepe 3 rpa/lHCIITBI COOTBeTCTByKHHIlX noTeH- 
n,najioB h q> 2 , T.e. 


= ~~ f (Vcpi )(V(p 2 ) dv . 

471 J 


(3.91) 


npuHHMaji bo BHHMaHne (3.89) n BBmenHB .TOCTaTO'ino Manyio ct])epy S, oxBa- 
TBiBaiomyio iapji.i e 2 , /pia (3.91) ianncBiBacTCH BBipa/Kefflie BH/ia 


U *=J- 


9i 


Sep 

dn 


2 dS —- 

471 


^|(Pi v2 92 dv 


(3.92) 


Tax Kax b npocTpaHCTBe o 6 BeMa v bhg ct])epui S HMeeM 

V 2 (p 2 = div E 2 = 0, (3.93) 

to BTopon HHTerpan b (3.92) OKa3BiBaeTca paBHBiM iiyjno. YnuTBiBaa >Ke, hto 
pa3MepBI C(])CpBI S nOJTO/KCIIBI MHOTO MGHBIHHMH paC'CTOTHIHJI R MOK.iy iapjl.iaMH 
e\ n e 2 , BejiHHHHy noTcimnana <p t Ha noBepxHocTH ccjiepBi S motkho cniiTaTB 
nocTOJiHHOH h paBHOH e\/R, OTKypa /uni (3.92) y ct a11a bjthb ac m 


U 0 = 


dq> 2 


471 R J dn 


dS = 


ei 

4nR 


E ln dS . 


(3.94) 


BocnonB 30 BaBHiHCB TcopcMoii f aycxa 


E n dS = 47ie, 


(3.95) 


HJISL (3.94) OKOIl'iaTCJTBHO IiaXO.THM 


Uq — C\C\!R. 


(3.96) 
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TaKHM o6pa30M, Ka3anoci> 6bi, omtb nojiyneHo tohiioc cooTBeTCTBue mc>k- 
,iy Bhipa>K'cnHHMH (3.90) h (3.96). O/uraKO, BcpncMca k Bonpocy o npiiMemiMO- 
cth TeopeMbi rpuna (3.89) k Bbipaaceffliio (3.90). IIpHHHMaa bo BHHMaHHe, hto b 
peanbHOM npocTpaHCTBe okojio 3apa/ioB e\ h e 2 MoryT cymecTBOBaTb tojibko hx 
coOcTBeHHbie aneRTpunecKne nona Ej h E 2 huh cyMMapHoe bjtcktph'icckoc none 
E 0 = Ei + E 2 , no.iBepnicM uccnc/iOBani-no Te BeKTopHbie nona, k KOTopbiM npn- 
MeHHMa TeopeMa rpuna (3.89). Ilpeacae Bcero, cnc/iyeT oopaTHTB BHHMaHHe Ha 

TOT (JjaKT. HTO BBIBO.T H .TOKa3aTCJT BCT BO TeopeMbi TpUHa OCHOBbIBaeTCa Ha HC- 
noJib30BaHHH (JiopMynbi Taycca 

JdivAc/v = (3.97) 

V 

nonaraa BeKTop A paBHbiM 

A = i|/ grad tp = vpVtp, (3.98) 

r^e v|/ h <p — jxsa npoii3BonbHbix CKanapa. Tax KaK 

div A = \|/ div grad <p + grad (p grad \|/ = \|/V 2 cp + (Vcp)( V\p) (3.99) 

H 


A n =\ |/grad„(p = \|/—, (3.100) 

on 

to nopiCTaHOBKa (3.99), (3.100) b (3.97) cpa3y ace npuBO/XHT Hac k ycTanoBnc- 
hhk) cooTHomeHna rpuna 

J[\|/V 2 cp + (V(p)(Vv|/)]dv = , (3.101) 

v S 

r/ic HHTerpan b npaBoil nacTH /ion>Kcn 6biTb b3mt no BaviKnyToil noBepxHOCTH S, 
orpaHHHHBaiomeH oOnacTb HHTerpupoBaHiia v. H 3 (3.101) movki 10 bbi.tcjthtb 
HJ ieH, cooTBeTCTByiomiiH (3.91): 


J(V(p)(Vv|/)c/v = |i|/^c/5- Ji|/V 2 (pc/v . (3.102) 

v S v 

Echh .TonycTHTB nonHyio 3 k b m b an e 1 rn 1 oct b no/iBiiiTerpanBiiBix BbipaaceHini 
(3.91) h (3.102), to H3 BbipaaceHna (3.91) cnc/iycT B03MoacHocTb cymecTBOBaHna 
b npocTpaHCTBe okoho iapa/ioB e\ h e 2 . KpoMe peanbHbix BeKTopoB E h E 2 h E 0 , 



(3.103) 


(3.104) 

Eq = Ej + E 2 

(3.105) 


T.e. 
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eme Heicoero ncxo/inoro BeKTopHoro nona E„, onpeaenaeMoro cornacHo (3.98), 
HanpuMep, KaK 

E„ = cp 2 grad (pi = <p 2 Ei (3.106) 

HUH, BBH/iy npOH3BOJIBHOCTH CKajiapHbIX BejTHHHH \|/ II 9 B (3.98), 

E' n = ^E 2 . (3.107) 

H 3 conocTaBneHiM (3.106), (3.107) c (3.103), (3.104), (3.105) mo>kho y>Ke 3a- 
KJHOHHTB, HTO BeKTOpHBie nOJM E„ (3.106) H E'„ (3.107) HHKaKHM peantHbiM no- 
jmm E! (3.103), E 2 (3.104) huh E 0 (3.105), HMeiomiiMca b npocTpaHCTBe okojio 
paccMaipiiBaeMBix 3apyi/i0B e\ h e 2 , Konc'ino >Ke, cooTBeTCTBOBaTb He MoryT. 
Ilpii /lonymenii h (3.106) h (3.107) BbnbiBaeT onpeaeneHHtie coMHeHiisi h c|)H3H- 
hcckoc co.iepvKaiiHC (JjopMynbi Faycca (3.97), KOTopaa b 3tom cnynae ripnoDpe- 
TaeT bh,i 


I 


div((p 2 E])(7v = ®((p 2 E])„ . 


(3.108) 


Eonee Toro, ecnn npn bbibo/ic cooTHomeHiui r puna (3.101) 3aBc/io\TO hc- 
xo^htb H3 peantHo cymecTByiomero b npoeipaHCTBe okoho 3ap?i,ioB e\ h e 2 BeK- 
TopHoro noun Eo (3.105), ana KOToporo TeopeMa Taycca 

dS 


JdivE 0 c/v = ol 


'On 1 


(3.109) 


HMeeT BnojiHe onpencncniroc <[)H3 H'icckoc co/iepvKaiiHc, to, b cornaciiH c (3.98), 
ana BeKTopa E 0 cnc/iycT tanucaTb 

E 0 = v|/ grad (p = \|/Vcp. 

Onty/ia y*e irenocpe/iCTBCimo ycTanaBHHBacvi 


div E 0 = \|/V‘(p + (Vcp)( V\|/), 


r 5( P 

E 0n =V —, 


dn 


(3.110) 

(3.111) 

(3.112) 


h cooTHomeHne fpuna npiiHHMaeT bh/i 


1 


[v|/V-cp + (Vcp)(Vv|/)]rfv = <bv| i^-dS . 

dn 


dtp 


EcHH H3 (3.113) Bbl.TCHHTb TCnCpb HJieH 

j*(V^>)(V y/)dv = ^y/^-ds ~^yN 2 cpdv 


(3.113) 


(3.114) 


TO, KaK C MaTeMaTHHeCKOH, TaK H C (J)H3HHeCKOH TOHCK ipeillia. OH He MO/KCT y*e 
COOTBeTCTBOBaTB Bbipa>KeHHIO 
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j E l E 2 ds (3.115) 

V 

TaK KaK (cMOTpii (3.110)) W(p ^ E 2 h, TeM 6onee, V y/ ^ E { . 

TaKHM o6pa30M, H3 paccMOTpeHHoro cnc/iycT. hto ncnom>30BaHne nna bbi- 
pancefflia (3.90) cooTHomeHiia rpuna (3.89) b jtiodom cnynae He npe.iCTaBJi sictch 

B03M0)KHbIM. 

BbIBOHbl. 

B 3aKJiioHeHHe, no/iBo/w HTor npoBc/ieimoMy Bbime paccMOTpeHHio He- 
KOTopbix BonpocoB 3JieKTpocTaTHKH BaKyyMHOH cpe/iBi, movkiio cnenaTL cne- 
nyfomne BbiBo/ibi. 

1 . MaKpoc ko ri h' i ec kh H3MepaeMoe sneKipmecKoe none b BaKyyMnoil cpcnc 
no npupone CBoen npenciaBnaeT co6on onpc/icncimoc MUKpocKonunecKoe no- 
jMpH3apnoHHoe coctoshihc /iHCKpeTnoil BaKyyMHOH cpc.iBi. 

2. BHepraa nonaproaipm BaKyyMHOH cpc/ibi b npocTpaHCTBe OKono o/ih- 
HOHHoro iapana TO'/KnccTBCirno paBHa H3BecTHOH Bcnn'innc SHeprim sneKipime- 

CKoro nona W E 3Toro iapa.ia h onpenenaeT ee (|)H3H'iccKyio cymnocTb. 

3. Bncprufl nonapH3apHH BaKyyMHOH cpc/ibi ot CHCTeMbi /iByx huh He- 
CKOJILKHX 3apaflOB TO'/KnCCTBCIlHO paBHa H3BeCTHOH BeJIHHHHe SHeprHH W E 

coocTBcnnoro sneKipimecKoro nona 3 ap?i,ioB h sncpn-m U 0 b 3 a hm one hctbh 3 
3-3CKTpII'[CCKHX 3apaflOB MC>K, 3 y C 060 H 

W 0 =W Eo+ U 0 

4 . 3nepnoi W E coocTBcnnoro sneKipunecKoro nona 3apanOB b BaKyyM¬ 
HOH cpc/ic oOycnoBnHBaeTca b 3 a hmo.tc il ctbhcm sncKTpH'iccKoro nona 3apanOB c 
cooctbciiiibimh nonaproapHOHHbiMH 3apanaMH BaKyyMHOH cpc/ibi. BncpruH 

B 3 aHMoaencTBHa U 0 Mencny iapanavm b BaKyyMHOH cpcnc ooycnoBnHBacToi 

B3aHMoaencTBHeM aneKipunecKoro nona oniioro 3apana c nonapimmioHHbiMH 
3apanaMH BaKyyMHOH cpcnbi ot npyroro 3apana. 

5. ripcncTaBncnHC o peanbHOCTH cymecTBOBaHHa h nonapH3yeMOCTH BaKy¬ 
yMHOH cpc/ibi upcncTaBnacT. HaKOHeu,, B03M0>KH0CTb ycTaHOBHTB, 6onee nnn 
MeHee, KOHKpeTHyio npupony aneRTpunecKoro nona h ycipaHHTb pan Tpy/ino- 
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CTen, iipoTHBopciHi'i h napanoKCOB b TaKiix o6nacTax Teopinr sneKipunecTBa, 
KaK 3JieKTpOCTaTHKa H 3HeKTpOflHHaMHKa. 
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HacTb III 

3JIEKTPO^HHAMHKA CPE^LI OH3HHECKOrO 
BAKYYMA 


TjiaBa 1. Tokh CMemeHHH h pa iiia.ihiioc MarHHTHoe nojie 
ABHHcymeroca 3apaaa 

(1978 r.) 


1. OnpeaejieHne MarHHTHoro nojia ot TOKa ncpcnoca h tokob cmciuciiiib 
ypaBHeHHHMH MaKCBejiJia 


B KBa3HCTaiiiioHapHOM npH6nH>KeHHH npn v « c MariiHTiioc none b Ba- 
KyyMe b npocTpaHCTBe okojio UBiDKymerocn onunoHiioro lapana MO)KeT 6 bitb 
H an/jeHO H3 peineHini cncTeMti ypaBHemin MaKCBenna [1-13] 

rotH = — j n , (1.1) 

c 


div H = 0, 


( 1 . 2 ) 


r/ic j n - nnoTHocTt 'jjicMciiTapnoro TOKa nepeHoca nsiDKymeroea aapana. 
OnycKan npoMOKVTO'nibie onepaniin, BtimimeM peinemie ypaBHefflin (1.1), (1.2) 
b Bane [4, 7, 11] 


H =lJ lj" X , R l jyf , 


R 


(1.3) 


ITepexonn ot nenpepBiBiioro pacnpenenemia lapana j„ - pv k nncKpcTnoMy 
j n = ev d(r-r) , nonynnM 


H e j* [v x (r - r')]5(r' 

cJ |r-r'| 3 



(1.4) 


pic r - pannyc-BCKTop tohkh iraonio/icnHsi, 

|r — r 0 | =R — paccTOJfflne ot tohkh Ha6:no,neHHJi no 3apnna e, 


r' - ncpcMcnnafl HiiTcrpupoBaiiHa. 
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HHTerpupoBaHHe (1.4) .naeT 


H = — 


c 


[vxR] 
R 3 


(1.5) 


TaK KaK, cornacHO (1.5), MaKCHMyM HanpaaceHHOCTH MarHHTHoro nona b 
npocTpaHCTBe okojio ,o,BHacymeroca Bapa/ia e ji0KajiH30BaH b pa/jHantHOM Ha- 
npaBJieHHH no OTHomeHHio k HanpaBneHino ero xiBHacefflia, to npeziCTaBJiaeTca 
ecTecTBeHHo y/iooirwM yKa3aHHoe Marni-mioe none H (1.5) onpenejimr. b ^ant- 
HeilmeM KaK pa/uia.ihime MarHHTHoe none H /iBHacymeroea Bapa/ia e. O.waKo 
cne/iyeT otmcthtb, hto c|}yHKUHOHajii>Haa 3aBHCHMOCTB (1.5) onpeaenaeT 3Hane- 
Hne HanpaaceHHOCTH MarHHTHoro noun H b tohkc iraoino/iciiHsi r ncpcj c|)H3htc- 
GKiie xapaKTepncTHKH japa/ia (ricnn'inny 3apa,ia e n iianparncime ero .tbh/Kciihm 
v) jioKanH30BaHHoro b npocTpaHCTBeHHO y/iancimoil ot tohkh iraomo/icirnsi toh- 
Ke r 0 , T.e. 3aBHCHMOCTB (1.5) OTpa>KaeT co6oil H3BecTHBiH b c|)H3HKe npnHunn 
^ajiBHO^encTBHJi [1]. Ecjih ace npnHJiTB bo BHiiMaHiie, hto /pia HanpaaceHHOCTH 
3JieKTpnHecKoro nona E b TOHKe Ha6mo,neHHa r cnpaBe^nnBO paBeHCTBO 


E = 


eR 

R 3 


( 1 . 6 ) 


to Btipaacemie (1.5) MoaceT 6 bitb npencTaBJieno eme b bh.tc 

H = —[v x E]. (1.7) 

c 

C (J)H3HHeCKOH TOHKH 3peHHJI Bbipa^ceHHa B 3anHC5IX (1.5) H (1.7) CymeCT- 
BeHHO OTJiHnaiOTCH ,zjpyr ot apyra b tom OTHomemm, hto b (1.7) Hanp5DKeH- 
HOCTB MaTHHTHOTO nona H b TOHKe Ha6nio^eHHa r onpeaenaeTca yace nepe3 (J)n- 
3HHecKne xapaKTepncTHKH nona E b stoh ace TOHKe iraomo/icnnsi. T.e. ncpci Be- 
jiHHHHy h HanpaBiieHHe BeKTopa sjieKTpiiHecKoro nona E h CKopocra H3MeHeHiia 
(hjih CMemeHHa) ero othochtcjibho ncnonBU'/Kiioil chctcmbi OTcneTa b nojiHOM 
COOTBeTCTBHH C npHHHHnOM 6nH3KOZ(eHCTBHa. H3 (1.7) MOaCHO 3aKJIK)HHTB, HTO 
/ina onpe/icncniw HanpaaceHHOCTH MarHHTHoro nona H b npocTpaHCTBe okoho 
.TB i-iacyinerocH Bapa/ia e BOBce hct iicooxo.thmocth airaTB BenHHHHy .TBi-iacymcro- 
ca japa/ia e h paccToaHHe /to Hero ot tohkh naonio/icnHsi. BnojiHe /loCTaTonno. 
ecnn b TOHKe iraonio/iciiim r h b .ipyn-ix TOHKax npocTpaHCTBa BHe o6i>eMa 
.TBi-iacyincrocH 3apa,ia e oynyT H3BecTHBi xapaKTepncTHKH ero sneKTpi-iHccKoro 
nona - BenHHHHa h HanpaBJieHHe BeKTopa sjieKTpiiHecKoro nona E, a TaKace Ha- 
npaBneHne h ckopoctb ero cmciuciihh othochtcjibho iicno.TBHacnoil naSopaTop- 
hoh cncTeMBi OTCHeTa. TaK KaK BeKTop 3JieKTpHHecKoro nona E ot .TBnacymcro- 
ea japa/ia e KaK b tohkc iiaonioncnHa r, TaK h b jipyn-ix TOHKax b nenonBi-iacnoil 
cncTeMe oTcneTa He ocTaeTca Hen3MenHBiM bo BpeMeHH 




TjiaBa 1 . Tokh CMenjeHnn h pa^nanbHoe MarHHTHoe none 
_ nBn>Kyiiierocn 3apnna _ 


E(0 = 


eR(Q 

^(0 
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to ojieKTpuHecKoe none E(7) b npocipaHCTBe BHe o 6 i>eMa Bapa/ia e .to.ta'iio /ioc- 
TaTOHHO nOJIHO X apaKTCpHiOBaTbCH BenHHHHOH npOHBBO.THOH dE/dt. BBH/iy TO- 
ro, hto npoH iBonnaa dE/dt onpenenHCT nnoTHocTt TOKa cMcmennsi 


1 5E 
4 n dt 


(1.9) 


to /jna onpe/ieneraia MamuTHoro nona H b TOHKe HaSmo^eHna r b ypaBHeHira 
(1.1), Ka3ajioct 6bi, mo>kho nonHOCTtio hckhiohhtb H3 paccMOTperaia tok nepe- 
Hoca .TBH/KymerocH 'iapa/ia e, nOKann30BaHHoro b orpani-iHcimoM o 6 i>eMe 0 V (h b 
kotopom naxo.THTca caM iapa.T e, n ynecTt tojibko tokh cmcihchhsi j CM (1.9), 06 - 
jiacTBio cymecTBOBaHna zpia KOToptix aBnaeTca Bee npocTpaHCTBO BHe o 6 i>eMa 
oF (l . IlpHHHMaa bo BHHMaHne, hto b o 6 meM cnynae MariiHTiiBic cbohctb3 tokob 
nepeHoca h tokob cmcihciihh npiiHHMaioTca nonnocTBio SKBHBaneHTHMMH, TaK 
KaK 3th tokh o.THiiaKOBBiM o6pa30B bxo.tht b npaByio HacTb Hcxo.Tiioro ypaBHe- 
Hiia MaKCBenna [1], npoBe/ic\f oiieiiKy bo3mo>khocth noJiHoil iaviciiBi tokob 
nepeHoca b ypaBHeHira (1.1) Ha tokh cmcihciihsi. B cboio onepe^t, sto nacT bo3- 
mo>khoctb npn peiueHHH ypaBHerara MaKCBenna 6 onee nonHO Hcnoni>30BaTB h 
(jra3HHecKHH npirauim 6nH3KO,neHCTBHn. 

PaccMOTpiiM cucTeMy ypaBHeHHH MaKCBenna /in a i-BMcnsnomcrocsi b npo- 
CTpaHCTBe sneKTpiraecKoro nona E(?) ot HBHacymeroca 3apa/ia e b BH/je 

rot H = i—, (1.10) 

c dt 

div H = 0. (1.11) 

/],na npocTpaHCTBa BHe o6i.eMa 8V 0 mo>kho nononciiTB 

div E = 0. 

flutjnjiepeHirapya (1.6) no BpeMerai [4], mo>kho 3anHcaTB 

0E 5E dx dE dy 5E dz SE 5E 

dt dx dt dy dt dz dt dx x dy y 


( 1 . 12 ) 


+ fv„ (1.13) 

dz 


HTO M05KH0 npC/ICTaBHTB CIHC B BH.TC 

— = -(vgrad)E. 

dt 


(1.14) 
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IlpHHHMaa BO BHHMaHHe, HTO npOH3BOZUiafl BCKTOpnOTO npOHBBC.BCIlHSl 
pacnHCBiBacTCH KaK 

rot [v x E] = (E grad)v + (v div)E - (E div)v, (1.15) 

h y'lHTBiBasi. hto div v = 0 h grad v = 0, oyzicvt hmcti. 

rot [v x E] = -(v grad)E + (v div)E (1.16) 

huh 

-(v grad)E = rot [v x E] - (v div)E. (1.17) 

C yneTOM (1.17) nepenunieM (1.14) 

— = rot[vxE]-vdivE . (1.18) 

dt 


TaK KaK ztzui npocipaHCTBa BHe o6i>eMa 8V 0 cornacHO (1.12) div E = 0, to H3 
(1.18) HenocpeztcTBeHHo cneztyeT 


— = rot[vxE]. 

dt 

IloztCTaBJiM (1.19) b (1.10), iiaxo.THM 

rot H = — rot[v x E]. 

c 

PeineHiie (1.20), yzioBJicTriopsnoincc (1.11), 6y/icT 


H = —[v x E], 

c 


(1.19) 


( 1 . 20 ) 


( 1 . 21 ) 


HTO 3KBHB3JieHTHO (1.7). 

TaKHM o6pa30M, nonyneHHBie pe3yni>TaTBi (1.5), (1.7), (1.21) noztTBep>Kzta- 
iot ztonymefflie, hto ztzra omicaHHJi MarHHTHoro noiw H (1.5), (1.7), (1.21) zibh- 
)Kymeroca oztHHOHHoro 3apnzta e chctomoh ypaBHeHiril (1.1), (1.2) huh (1.10), 
(1.11) b non iic .TocTaTO'ino 3HaTt jih6o xapaKTepucTHKH lap ana e b o6i>eMe 5 V (h 
3aHHMaeMOM caMHM iapazioxt (t.c. ojieMGHTapHBiH tok nepeHoca), jih6o xapaKTe- 
Phcthkh aneKTpHHecKoro norm E b npocTpaHCTBe BHe o6i>eMa 5 F 0 (T.e. tokh 
CM enteHHJi). H 3 cpaBHemui (1.5), (1.7), (1.21) bhziho, hto 06 a noztxo.ua npiiBOZtriT 
K TO>KZteCTBeHHBIM pC3yJIbTaTa\I, H3 KOTOpBIX CJieZtyeT, HTO B npocTpaHCTBe BHe 
odteMa 0 V n ztBH>KymerocH zapa/ia e HiinynnpycTcsi tojibko o.tiio pazinajibiroc 


MarHHTHoe none 
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H ± =H = —[vxE], (1.21) 

c 

H ± =H = -4[v x r] (1.22) 

c r 3 

HJIH 

H ± = H = -^sin^, (1.23) 

c r 

rne (p - yroii Meacny pannycoM-BeKTopoM r n HanpaBnemieM nBHacefflia 3a- 
pana e. 

HecMOTpa Ha to, hto comaciro conpcvicimbiM npencTaBneimaM tokh nepe- 
Hoca (tokh npoBoziHMocTH) h tokh cMeiHcima b BaKyyMe npencTannsHOT co6oil, 
B CymHOCTH, COBepnieHHO pa3HHHHBie (J)H3HHeCKHe nOH5ITHJI, OZIHaKO B OTHOUie- 
hhh cbohctb HHnymipoBaTb MarHHTHBie nona nonycKaeTca onpeneneHHaa skbh- 
BaneHTHOCTB MOR'.Ty hhmh. «EniiHCTBeHHaa oomaa hx xapaKTepucTHKa saKmo- 
'iacTCfl b tom, hto ohh o.THiiaKOBbiM o6pa30M B030y>K,TaioT MarHHTHoe none, T.e. 
oziHHaKOBtiM o6pa30M bxohht b npaByio 'iacTB ypaBiieima MaKCBenna. Bo Bcex 
)Ke OCTajIBHBIX OTHOHieHIMX 3TH TOKH pe3KO OTnHHaiOTCn ,Tp>T OT Hp>Ta» [1], 

CnepoBaTcnwio, H3BecTHoe paHee b HayKe npencTaBneimc o Marni-mioM none 
Hi (1.22), (1.23), (1.24) orpaHiiHHBaeTca nonymemieM, hto KaK tokh nepeHoca, 

TaK H TOKH CMCIHCIlHa, npUMCIIMTCnbllO K OZIHHOHHOMy ,1BIT/K V III C M y C H 3apa,iy e, 
HiinyunpyioT b npocTpaHCTBe oKono jap an a TontKo pan nan in roc MarHHTHoe no¬ 
ne Hi (1.22), (1.23), (1.24). H 3 pemeHnil cucTeMti ypaBHeHnil (1.1), (1.2) nnn 
(1.10), (1.11), cornacHo coBpcMciniBiM npencTaBneimaM, He cncnycT bo3mo>k- 
hoctb cymecTBOBaHiw KaKoro-nnoo iinoro Manmnioro nona, KpoMe pannantHO- 
ro Hi (1.22), (1.23), (1.24). OniraKo, TeM He MeHee, oTiiocHTcnbiio caMnx tokob 
nepeHoca h tokob cMcmcimn nonycKaeTea, hto sth tokh Bee ace tj)H3HHecKH He 

3KBHBaneHTHBI. 

B paooTC [4] ,nna omicaHHa \ianmTiioro nona H nBHVKyirreroca onunoHiioro 
3apana BMecTO ypaBHeHnil (1.1), (1.2) turn (1.10), (1.11) npennaraioTca ypaBHe- 
HHa BH.na 


, 1 5E 4 n 

rotH =-+ —ev5(r-r 0 ), 

c dt c 

(1.25) 

div H' = 0. 

(1.26) 


Arranon-rinaa jam-icb BCTpenaeTca h b npyn-rx HCTOHHHKax [1, 11]. B ypaB- 
HeHHii (1.25) b npaBoil nacra Bbinucaribi onnoBpcMcnno h x a pa ktc p h ct h k h 
3neKTpnHecKoro nona E b npocTpaHCTBe BHe o6i>eMa 0 V lh h xapaKTepucTHKH 
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jap ana e b oobcmc 5 Vo. B pcayubTaTC TaKoro no/ixo/ia npn pcmcnnn (1.25), 
(1.26) He y;taeTcn ;pic|}c|)epeHUHpoBaTb oSnacTt cymecTBOBamin TOKa nepeHoca, 
Him KOTopoH cne/iyeT noJio>KHTB div E = 4np, h oSnacTb cymecTBOBaHiin tokob 
CMcmeiiHH. ajisl kotopoh div E = 0. lipHiiMMafl bo BHHMaHHe (1.18), nepenumeM 
(1.25) b BHae 

1 4n 

rotH' = — {rot[v x E] - vdivE} CM +—ev5(r-r 0 ), (1-27) 

c c 

r#e Bbipa)KeHHe b (J)Hrypm>ix CKo6Kax orpa)KaeT co6oh cymecTBOBamie b npo- 
CTpaHCTBe okojio ^BH)KymerocH 3apa^a e HepaBHBix Hymo tokob CMememui j CM , 

1 r)F 1 

jc = —— = —{rot[vxE]-vdivE} CM *0. (1.28) 

4n at 4n 

Ecjih hjul oSnacTH cymecTBOBaHHn tokob CMcmenna 3aKOHOMepHO nono- 
>khtb div E = 0 (1.12), to ypaBHemie (1.27) anToviaTH'iccKH npcoopa’iycTca k 
BH.iy 

1 471 

rot H' = — {rot[v x E]} CM +—ev5(r-r 0 ), (1.29) 

c c 

pemeirae KOTOporo npH npHHflTbix ^onymeHH^x motkho npe^CTaBHTb KaK 

H' = — {[v x E]} cm + — {[v x E]} . (1.30) 

c c 

3/iccb He paBHBiH Hynio nepBtiH nneH b (|)Hrypiibix cKo6Kax nonBiincn b pe- 
3ynBTaTe yicTa He paBHbix Hynio tokob CMcmenna b npocTpaHCTBe OKono ,tbh- 
>Kymerocn 3ap>ma, Me5Kziy TeM KaK npucyTCTBHe He paBHoro Hynio BToporo nne- 
Ha b cjnirypHBix CKo6Kax oOycnoBneHO yneTOM He paBHoro Hynio 3neMeHTapHoro 
TOKa nepeHoca ^BiDKymerocn 3apn.ua. PenieHHe (1.30) c yneTOM (1.7), (1.21), 
(1.22) mtokho npeztcTaBHTB b o6meM BH^te 

H' = —[v x E] = 2H . (1.31) 

c 

TaKHM o6pa30M, onnonpcMcniibiii v'ict TOKa nepeHoca h tokob cvicincnun 
ot aBiincymerocn oztHHOHHoro 3apn.ua e cornacHO (1.25), (1.26) npiiBOfliiT k y a- 
BoeHHio iiiaHciiHM iianpa'/KciinocTH MarHHTHoro noun H' b tohkc iiaonio/icnun r, 
hto He eooTBeTCTByeT ,tc ii c t b h Ten a n o c t h . PemeHiin (1.31) rsnomie 3aK0H0MepH0 
cne^OBano oncnziaTb, ecnn ynecTB pe3ynbTaTbi peinemiH OTjjenbHO rjisl TOKa ne¬ 
peHoca (1.5), (1.7) H TOKOB CMemeHHfl (1.21). 

Ecuh >Ke npn pemeHHH (1.25), (1.26), KaK 3to c^enaHO b [4], .zpin oOnacra 
cymecTBOBaHHJi TOKa nepeHoca h tokob cMciHenna nononarrb div E = 4np, to b 
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ypaBHeHHH (1.27) nneH b cjmrypHBix CKo6Kax OKa3tiBaeTCH paBHBiM Hynio, n no- 
nynaeM TpuBnajitHyio 3amicb ypaBHeHHH (1.25) b Biine 

4tc 

rotH' = —ev5(r-r 0 ), (1.32) 

c 

OTKy.ua cnenyeT, hto nnoTHOCTb tokob CMememw j CM (1.28) bo BceM npocipaH- 
CTBe okoho nBH/KymerocH 3apana npiiniiMacTCH paBHoil Hynio. TaK KaK tokh 
cmciuciihh b ypaBHeminx (1.25), (1.26) HCKmonaioTCH H3 paccMOTpeHiin, to pe- 
uieHne (1.25), (1.26) cboxiiitch k pemeHHio ypaBHeHiiil (1.1), (1.2) nnn TOKa ne- 
peHoca. B nan no m cnynae ncnonycTHMOCTb ycnorsnn div E = 4np nna npocTpaH- 
CTBa BHe o6i>eMa 5 Vo o'lcnnnna, TaK KaK npn otom TepneTcn cmbich 3anncn 
ypaBHefflin (1.25) b o6meM BHne, ecnn 3apaHee npennonaraeTCH paBeHCTBO Hy- 
nio tokob cmciuciihh. 

TaKHM o6pa30M, ecnn pemeHne ypaBHeHiiil MaKCBenna (1.1), (1.2), (1.10), 
(1.11) hhh (1.25), (1.26) nnn MarHHTHoro nonn nBiracymerocH onHHOHHoro 3apn- 
na e npoBoniiTb KoppeKTHo unii no o6bihhoh cxeMe, to nio6oe H3 peiueHiiil (1.5), 
(1.7), (1.21) npiiBonHT k ycTaHOBneHiiio cjiyHKiiiioHanbHoil 3aBHCHMOCTH TontKO 
nna pannantHoro MarHHTHoro nonn H ± (1.22), (1.23), (1.24). IIpiiHeM npn omi- 
caHHii pannanbnoro MarHHTHoro nonn H nBii/KyincrocH iapn.na e ypaBiiciiHHMH 
MaKCBenna onHOBpeMeHHBiil yncT TOKa nepeHoca h tokob cmciuciihh nBHVKyinc- 
rocn lapnna e ncooxonuxio cniTaTb ncnpncMncMBiM. 

2. AHajiH3 pciueiiiiil ypaBHeHHH MaKCBenjia *iepe3 tokh CMemeHHH 

HecMOTpH Ha xopomee coBnanemie nonyneHHbix pe3yntTaTOB (1.7), (1.21) 
nna pannanbnoro MarHHTHoro nona Hi ot TOKa nepeHoca j n h tokob cmciuciihh 
jcM, b ypaBHeHHH MaKCBenna sth tokh bxo,tht Bee ace He b 3KBiiBaneHTHOM nunc. 
npcvKnc Bcero, o6pamaeT na ce6n BiinMannc tot ijiaKT, hto MarHiiTHoe none Hi 
(1.5), (1.7) nepe3 tok nepeHoca j n naxoniiTCH pemeHiieM cucTeMBi ypaBHeHiiil 
MaKCBenna (1.1), (1.2), Meacny TeM KaK MarHiiTHoe none Hi (1.21) nepe3 tokh 
CMemeHHH j CM onpcncnHCTCH nocpcncTBovi pan a ejiopMaubiibix m btc m aT hh cc k h x 
onepaiimi Han ypaBHeHHHMii MaKCBenna (1.10), (1.11). OnHaKO, ecnn, npiiHHMan 
bo BHHMaHHe (1.9), ypaBHeHHH (1.10), (1.11) neilcTBHTenbHO 3anncaTB b cjiopMe, 
SKBiiBaneHTHoil (1.1), (1.2), T.e. 

rotH = — — j CM , (1.33) 

c 

div H = 0, 

h peiueHiie (1.33), (1.34), aHanoniHHO (1.3), HCKaTB b BHne 


(1.34) 
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H 


e f [jcM( r ')x( r - r ')] 


dV', 


r -r 


(1.35) 


to cpa3y *e o6nap y >khb aio tc h onpe/icnciniBic pacxovK.Tcnnyi MOK/iy tokom ne- 
peHoca j n b (1.3) h tokom cMemeHiui j CM b (1.35). PacxovK.TciiHc oto npouBJiaeT- 
ch. npc>K,TC Bcero, b tom, hto BeKTop nnoTHOCTH TOKa nepeHoca j n h BeKTop 
nnoTHOCTH TOKa cmciuciihsi j CM , b o6meM cjiynae, He coBnanaioT no HanpaBJie- 
hhk>. KpoMe toto, nnoTHOCTB TOKa nepeHoca j n He paBHa Hynio toubko b o6i>eMe 
3apa/ia 5 V th MOK/iy TeM KaK nnoTHOCTH tokob cmcihciihm j CM He paBHa Hynio bo 
BceM npocTpaHCTBe BHe o6i>eMa aapana 8 Vo- O 6napy vkh b a ct c h eme h pun npynix 
pacxo>K,neHHH, o KOToptix pent oyncT Hi«Ke. 

Ecnn BeKTop tuiothocth TOKa cmciuchuh j CM (r) b tohkc r' pa3no>KHTB Ha co- 
CTaBJHHOIHHe (puc. 9) 

j CM jcM||~^jcM±? ( 1 * 56 ) 

r ne j CM || - aKcnajitHan cocTaBnaioman BeKTopa nnoTHOCTH TOKa CMememui, Ha- 
npaBneHHaji no HanpaBJieHHio nsH>KeHHJi 3apima; j CM± - pannantHaji cocTaBiMio- 
man BeKTopa nnoTHOCTH TOKa CMemeHim, HanpaBneHHan nepneHniiKynupHO k 
H anpaBneHHio .tbhvkciihsi 3apn/ia, to Him BeKTopHoro npoiiBBC/icnnsi b (1.35) 
M02KH0 OynCT 3anHcaTB 

[(jcM|| + j'cm±) x R] = [ j c m i x R'] + [j cm_l x R'], (1-37) 

rne R' = |r - r'| - paccTOJiHiie ot iapnna e no nepeMeHHOH tohkh r'. C noMoirnno 
(1.37) BBipa>KeHHe (1.35) mo>kho npencTaBHTt b Biine 
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1 f [JcMi! X R '] 

J R'l 

V “ 
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(1.38) 


H 3 (1.38) irenocpc.iCTBcnno cne^yeT, hto onpeaeneHne Marni-mioro norm H 
.TBHVKyincrocH aapa/ia e 'icpca tokh cMcmcimyi j CM || h j CM npuBo.iHT k iicooxo.th- 
mocth c/icaaTB b bibo/i o cvmccTBOBaiiHH y .TBH/KymcrocH aapana HByx bh/iob 
MarHHTHBix noneH, T.e. 

H = H,+H 2 , (1.39) 

KOToptie no cbohm cBOHCTBaM cymecTBeHHo otjihhhbi Tipyr ot /ipyra. H3 no- 
/(BfflTerpajiBHBix BBipa>KeHHH (1.38) bhjiho, hto ecJiH yron 9 (puc. 9) Me>K;iy pa- 
anycoM-BeKTopoM R' h nanpaBnciiHCM .ibh/Kciihh iapjua v CTpeMHTCJi k nyaio, 
TO BeKTOpHOe npOH3BC,TCIIHC 130/1 BTOpBIM HHTerpajIOM CTpeMHTCJi K CBOeMy MaK- 
CHMajIBHOMy 3HaHeHHK), MC/K.Ty TeM KaK BeKTOpHOe npOH3BC,TCIIHC II OH nepBBIM 
HHTerpajIOM CTpeMHTCJi K Hynio. IIpiI (p —> Jl/2 CHTyaHHH OKaiBIBaiOTCH o6paT- 
hbimh. OopMantHo BBipa>Kcime b npaBoil nacTH (1.37) mo>kho npc.TCTaBHTB eme 
B BHJie 


jcM||R' sin 9 + j CM± R' sin (90 - 9 ) = j CM ||R' sin 9 + j CM± R' cos 9 

HJIH 

[jcM|| X R'] + ( jC mJ_ • R) 

C yneTOM (1.40) nim (1.35) OKa3BiBaeTC5i cnpaBezpiHBOH 3anHcr> 


H 


l r [j CM |i > 
c J R' 


xR'] 1 
-dV' + - 




tWXR'] 


R' s 


dV = n l +H 2 


(1.40) 


(1.41) 


B 3tom cuynae (jjopMajitHoe otjihhhc MCVK/iy nojinMH H h H 2 oOHapymiBa- 
eTcn ocoocnno nama/mo, TaK KaK nojie H 1 OKaaBiBacTCH bcktophbim, a nojie H 2 - 
CKanapHtiM. 

OanaKO rroay'ic inline BBipaaceHHa jsjisi MarHHTHoro non a H .TBHVKyinerocH 
3apnna nepe3 tokh cMemeHiui b o6meM BH^e (1.38), (1.39), (1.41) npencTaBJunoT 
co6oh jihhib onpeneJieHHyio Haraa^Hyio hchhoctb, TaK KaK nonyHHTB OKOHHa- 
TejiBHoe penieHne (1.38), (1.41) b Bii^e (1.22), (1.23), (1.24) He yuaeTCJi H3-3a 
onpcncnennux cncnH(|)H'iccKHx cbohctb tokob cmciuciihsi. B pe3yjir>TaTe Hero 
H3 (1.38), (1.39), (1.41) He yuaeTCJi ycTaHOBHTB h neHCTBHTentHyio B3aiiMOCBJi3B 
MCVK/iy noJinMH H = H + H 2 (1.39), H = Hi + H 2 (1.41) h H3BecTHBiM pa/inanb- 
hbim MarHHTHBiM noneM Hi (1.22), (1.23), (1.24). TeM He MeHee, ycTaHOBJieHHe 
H3 (1.38), (1.39), (1.41) npiiHiinnuajiBHOH bo3mo>khocth cymecTBOBaHHJi £Byx 
bhjjob MarHHTHBix no-neil Hi h H 2 3acTaBJineT bhobb nepecMOTpeTB h nepeoc- 
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mbicjihtb pemefflie CHCTCMbi yparincnHii MaKCBenia (1.10), (1.11) 'icpca tokh 
CMemeHH5i. 

IIpoBOXpi aHanH 3 nonyneHHBix MaTeMaTHHecKH-cjjopMaibHbix no CBoeMy 
cymecTBy npeo 6 pa 30 BaHi«i (1.13), (1.14), (1.17), (1.18), Heipy^HO ycTaHOBHTt, 
hto o.iila H 3 cocTaniHiomux TOKa CMCineima j CM OKa'iaiacb yTcpsninoii b pcayib- 
TaTe BepHoro, c MaTCMaTH'iccKoil tohkh jpciina. ho HeBepHoro, c (|)H 3 H'icckoh 
tohkh 3 peHiui, ncpcxo.ia ot (1.13) k (1.18). Htoow noKaiaTb sto, paiiovKHM b 
(1.13) BeKTop ajieKTpunecKoro non E ziBiDKymeroci 3 apjma Ha aKcnaibHyio h 
painajiBHyio cocTaBijnomiie 

E = E,| + Ej_. (1.42) 

B 3 tom ciynae /m npon iBoiiioil dE/dt 6 y/ic\i hmotb 


dE _ 3En 5E ± 
dt dt dt 


( 1 . 43 ) 


IlpHHHMaa BO BHHMaHHe ( 1 . 9 ), /Ill niOTHOCTH TOKa CMCmCIIHl. COOTBeTCT- 
BeHHO, MO)KHO 3 anHcaTb 


j 


CM 


1 oE,, 1 5 E, 

-1- 

4 3i dt 4 ji dt 


" J cm|| ~~ .1 CM [. ? 


( 1 . 44 ) 


T.e. BeKTop niOTHOCTH TOKa cMemeHiM j CM b Ka’/Kioil to'ikc iiaoiio/iciinyi pacicia- 
ibiBacTCH Ha ,ibc cocTaBiaioiHHc: aKCHaiiiiyio h pa/ii-ianbiiyio. CiciOBaTcibiio, 
pa 3 io>KeHHe npoi-nBomoil BeKTopa sieRTpunecKoro noia E Ha aKcnaibiiyio h 
pa/ii-iaibiiyio cocTaBHiioinne SKBHBaiciiTiio OTicibiioviy paccMOTpeHino cocTaB- 
15 H 0 UIHX j CM || h j CM TOKa cmciiiciihsk lloiBcpnicM ( 1 . 43 ) TeM >Ke npeo 6 pa 30 BaHH- 
1 M, HTO H B ( 1 . 13 ), ( 1 . 14 ), ( 1 . 17 ), ( 1 . 18 ). B COOTBeTCTBHH C ( 1 . 13 ), ( 1 . 14 ) 6 yieM 

HMeTB 


5 E 5 E|, 5 E 

— = —+ ^—= -(vgrad)En -(vgrad)E ± . ( 1 . 45 ) 

dt dt dt 

C TOHKH 3 p CIIH 1 3 6 C Tp 3 K TIIO - VI 3 T C M 3 T H H C C K O H CyipHOCTH Bbipa'/KCIIHC 

( 1 . 45 ), KOHeHHO, 3 KBHB 3 JICHTHO ( 1 . 43 ), H M 03 KH 0 ObllO Obi nOCTaBHTb 3 H 3 K T 03 K- 
ZiecTBa Me'/Kiy ( 1 . 43 ) h ( 1 . 45 ) 

3Em dE , 

-T i + ^ L = -(vgrad)E || -(vgrad)E x , ( 1 . 46 ) 

dt dt 

OZIHaKO, C (J)H 3 HHeCKOH TOHKH 3 p 6 HHl, SKBHBaieHTHOCTH MB'/Kiy ( 1 . 43 ) H ( 1 . 45 ) 
y>Ke HeT. Hto 6 m yoc/iiiTbci b stom, BbinmncM /pis npaBoil nacTH ( 1 . 46 ), aHaio- 
THHHO ( 1 . 44 ), SKBHBaieHTHBie HM TOKH CMdUeHHS 
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j cm =-^-(vgrad)En --^-(vgrad)E ± = j CM|i + j CM j_ • (1.47) 

4ji 4n 


Ecjih b (44) pnn Ka>K,noH H3 cocTaBnjnomHX tokob CMememni j CM || n j CM± c 
aocTOBepHocTBio mo)kho 6bijio 6bi 3anncaTi> 

jcMii^O, (1.48) 

jcMi^O, (1-49) 

to OTHOCHTentHO (1.47) 3Toro yTBep)K/iaTB y>Ke Hent3fl, Tax KaK CKannpHoe npo- 
H3Be/ieHHe onnoro n toto >kc BeKTopa v Ha Bian \nio-nepnennHKynflpiibic BeKTo- 
pti grad |E||| n grad|EJ, opiiH H3 KOToptix KonnHHeapeH BeKTopy v, npiiBopHT k 
HCH e3H0BeHHK> O.TIFOIT H3 COCTaBJIfllOIUHX KOMnOHeHT TOKa CMemeHHJI. Hccnc/io- 
BaHne noKa3i>iBaeT, hto Bbipaacemie grad |E||| HMeeT MaKCHMantHoe 3HaneHHe b 
nanpaBnciiHH. n c p n c inn Ky n h p n o m k CKopoera .tbh'/Rxiihsi v aapn/ia e, vicvKpy TeM 
KaK Bbipa>KeHHe grad |Ej_| HMeeT MaKCHMantHoe 3HaneHne b HanpaBneHim CKopo- 
cth pBH/KcnHM v iapn/ia e. CnepoBaTentHO, H3 ycnoBiM CKanapnoro npoi-nBcpe- 
HHfl nepBBIH HJieH B (1.47), COOTBeTCTByiOIUHH aKCHajIBHOH COCTaBIMIOmeH TOKa 
CMCIHCIIHM j CM ||, OKaiBIBaCTCH paBHBIM HyjHO. K 3TOMy peiynbTaTV npHBOPHT H 

nocnepyiomee npeo6pa30BaHHe (1.46), aHanornnHo (1.15), (1.16), (1.17), (1.18), 
(1.19), T.e. 


5E 

dt 


= rot[v x E||] + rot[v x E ± ], 


(1.50) 


r,zje y^ce oneBH^HO 

rot [y x E||] = 0 ( 1 . 51 ) 

h OTKyzja jxjw (1.47) cne^yeT y)Ke OKOHHaTenbHO 3aimcaTb 

JcM JcM_L* (1.52) 

Ecjih oOpaTHTbca k Konc'inoMy pciynmaTy (1.21) pememia CHCTCMbi ypaB- 
HeHHH MaKCBenna (1.10), (1.11) nocpencTBOM m a t c m a t h h e c k h - a 6 c t p a k t n o ro no 
CBoeMy cymecTBy npeo6pa30BaHH£, to cornacHO (1.21) aBTOMaTHHecKH cnepyeT 
HecKOJiBKO aocyppiibiil Bbinop, hto papnantHas cocTaBjnnomasi tokob CMcmcnnsi 
jcMi B npocTpaHCTBe OKono pBiDKymerocn 3apn.ua HHpyunpyeT papnantHoe Mar- 
HHTHoe none H (1.22), (1.23), (1.24). A6eyppHOCTb TaKoro BbiBopa nopTBep>Kpa- 
eTcn h paccMOTpeHHeM pememui ypaBHeHHH MaKCBenna (1.10), (1.11) b Biipe 
(1.35), KOTopoe pna KOMnoHeHTOB TOKa CMememw j CM |j h j CMj _ ycTaHaBnuBaeT 
npaBHnbiioc eooTBeTCTBue c HnnyimpycMbiMH hmh ManmTiibivm nonnMH H h 
Hp 
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TaKHM o6pa30M, KaK sto cneziyeT H3 paccMOTpeHHoro, OTtiCKamie pcmcnna 
ypaBHeHHH MaKCBenna (1.10), (1.11) nocpejjCTBOM pjma nocne/iOBaTentHBix 
aocTpaKTirwx no cymecTBy MaTCMaTH'iccKHX npcoopasoBaimii npuBO.THT k rpy- 
6oMy ncKa>KeHHio (|)H3 H'icckoh cyinnocTH paccMaTpnBaeMoro HBjieHHS h hchcb- 
HOBeHHIO H3 nOJM jpCHHfl O.TIIOH H3 COCTaBJHIOmHX TOKa CMemeHHJI. IlpH HC- 
nojn>30BaHHn (J)opMajiBHO-a6cTpaKTHoro no CBoeMy cymecTBy m a tcm a th 1 1 cc ko ro 
annapaTa b pcmciiHH ypaBiicnnii. Ha Ka>K/ioM 3Tane iicooxohhmo cooiho/iciihc 
CT pororo cootbotctbiih c()opMajiBHoro cymecTBa npiiMeMeMoro annapaTa cjni- 
3nnecKOMy cymecTBy omictiBaeMoro flBjiemis. HecooTBeTCTBiie (JtopMantHOH 
cymHocTH <J)H3HHecKOH, KaK 3 to 6bijio BtwBneHo b paccMOTpeHHOM Btiuie cny- 
nae, npuBOflUT k rpy6oMy HCKa>KeHHio npeacTaBJieHHH o .neHCTBiiTentHtix cboh- 
CTBax ,TBH'/KymcrocH iapn/ia n, KaK cjic.tctbhc stoto, bhjiotb ,no Hamnx nncii b 
(J)H 3HKe He 6ti.no H3BecTHo, n ,na>Kc He 6 bijio BticKa3aHo npe.nnoJTO'/Kcni-m. o bo3- 
mo>khocth cymecTBOBaHHH y nBHVKymerocH iapn/ia KaKoro-nn6o hhoto MarmiT- 
hoto nona, KpoMe pa^najitHoro Hj_ (1.22), (1.23), (1.24). 


3. H3BecTHbie npeacTaBJieHHH o TOKe nepeHOca h TOKax cmcihciiiih 
ABHacymerocH sapaui 

CoraacHO 3aKOHy 9pcTe,na, \ianm to,t b hvkv man cnaa OTJiHHHa ot Hyna 
tojibko b TaKOM KOHType L, KOToptiil oxBaTtiBaeT Tpy6Ky c nonHtiM tokom 7 0 , 
T.e. 


|lM = JrotH</S 

L S 




(1.53) 


ryie S - noBepxHOCTt HnierpupoBanun. nponi-ntiBacMaa tokom 7 0 h onupaioman- 
ca Ha KOHTyp L. B o6meM cnynae, no# nonHtiM tokom cne/iyeT, oneBiiziHO, no- 
HHMaTt 


/ 0 = /„ + /cm. (1-54) 

O.nnaKo hto cac/iycT noHHMart no/i nonHtiM tokom 7 0 , ecnn tok nepeHoca 
'icpci KOHTyp L OKavKCTcn paBHtiM Hymo? HanpuMep, npn paccMOTpeHira 3Jie- 
MeHTapHoro TOKa nepeHoca ot o.nniio'inoro HBHVKyineroca iapn.na e npe.TCTaB.ne- 
Hue o Tpy6Ke TOKa, KaK TaKOBoil, OKa3tiBaeTca yace irc/ionycTHMBiM. B stom cny- 
nae npn OTticKaHHH Hanpa>KeHHOCTH MarHHTHoro noiia 77 btojib KOHTypa L h 




DiaBa 1 . Tokh CMemeHiia n pa^najiBHoe MaraiiTHoe none 

_ aBnacvnierocn 3apnaa _ 293 

onpezieneHHH pe3y:iBTHpyiomeH MarHHTOflBiDKymen chjibi b KOHType L, Bcer^a 
npeacTariaHCTCH bo3mo>khoctb noBepxnocTb HiiTcrpupoBaimsi Si, onupaiomyioca 
Ha KOHTyp L, BbiopaTb TaKon, hto tok nepeHoca /„ nepc3 noBepxnocTb Si oy.aeT 
paBeH nyaio, KaK oto npcacTaBacno Ha puc. 10. B otom cjiynae, o'icBH.ano, ,aaa 
pe3yni>THpyiomeH MarHHTOflBiDKymen chjibi b KOHType L cne^OBano 6 bi WKn^aTB 


| Hi/1 = | rot Hi/S 

L S, 




(1.55) 


xoth. c apyroil ctopohbi, BBH.ay H3BecTHoro npc.acTaBacnna [1-4] o npoH3BonB- 
hocth b BBioope noBepxHOCTH unTcrpiipoBannsi. Bcer/ia motkho BbiopaTb no- 
BepxHOCTB HiiTcrpupoBaiiHH 5*2 TaKOH, 'iTOObi oHa nepeceKanacB c paccMaTpn- 
BaeMBiM aacMCiiTapiibiM tokom, H3 Hero cnc/iycT. hto HHTerpaji no KOHTypy L He 
MO)KeT 6 bitb paBeH irymo 


() Ht/1 = J* 


■ , _ 4tt 

= rot Hc/S = — 


I j 


4 71 

,dS = — /„ *0. 


(1.56) 


Kaacymeeca npoTHBopenne b [1-4] paipcinacTCH TeM, hto npn HHTerpnpo- 
BaHHii no noBepxHOCTH .S3 yniTbiBacTCsi tojibko tok nepeHoca I n one vie map no ro 
iapyaa e, npoHH3BiBaiomero noBepxHOCTB S 2 , a npn HiiTcrpupoBani-m no no- 
BepxHOCTH Si (hto6bi He nonyHHTB nyacBoro pemeHna) yniiTBiBaeTca cymecTBO- 
BaHiie tokob CMemeHiw I CM , npoHH3BiBaiomHx noBepxHOCTB S), T.e. ypaBiiciiHM 
(1.55), (1.56) BBinncBiBaioTca coBMecTHO b bh.tc 


jjHt/1 = j* rot Ht/S = — J* j n t/S = —/ n * 0, 

l 5, s. 


(1.57) 



Pnc. 10 
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= J rot BdS = ^ J \ cu dS =~I CM * 0 . (1.58) 

L S, S j 

npc.inonara ctch. hto npn nonoonoM pa3^entHOM yncTe TOKa nepeHoca 7 n h 
tokob cMcmcima 7 CM ot onuno'inoro ,TBH'/KyincrocH lapnna pe3ynbraTbi iiHTerpii- 
poBamin KaK no noBepxHocra S 2 (1.57), Tax n no noBepxHOCTH Si (1.58), ^oidk- 
HBI npilBeCTH K TO >K,T C C TB C 11II bl M pe3yHi>TaTaM, TaK KaK o6e noBepxHOCTH S 2 n .S'I 
onnpaioTCH Ha o.thii h tot >Ke KOHTyp L. H 3 (1.57), (1.58) nenocpencTBCimo cne- 
pycT /ionymeiine 

4= Icm. (1.59) 

O/uraKO, b pcii ctbhTC.T bno cth. npn yKa3aHHOM Bbi6ope noBepxHOCTH iniTcrpH- 

poBaHun Si, S 2 n /jonymeHHH (1.59) paBOHCTBo Me5KZiy (1.57) n (1.58) He nBnneT- 
c n KoppeKTHbiM. Bo-nepBbix, ecnn nepei noBepxHocTb S 2 tok nepeHoca I n2 npcn- 
nonaraeTcn He paBHBiM Hynio, to h tok CMemeHiin 7 cm2 nepe3 3Ty *e noBepx- 
hoctb S 2 TaK)Ke He paBeH Hynio. Ho b TaKOM cnynae noJiHbra tok Hepet noBepx- 
hoctb S 2 TtojDKeH 6biTb paBeH 

hn = 7„2 + / CM 2 - (1.60) 

C yneTOM (1.60) noBepxHocTHbie HHTerpajibi (1.57), (1.58), ecTecTBeHHo, He mo- 
ryT 6biTb paBHbi MCVK/iy co6oil. Bo-BTopwx, KaK 6y/iCT noKa3aHO iihvkc, noncHCT 
TOKa nepeHoca I n2 'icpci noBepxHocTb S 2 , onupaiomyiocji Ha KOHTyp L, /iacT 3Ha- 
Hcime, He eooTBeTCTByiomee TOKy cMcmciiHa / CMl Hcpci noBepxHocTb Si, omi- 
paioiiiyiocsi Ha stot >Ke KOHTyp L, hto no.TBcpracT coMHeHino bo3mo>khocti> / 10 - 
nymeHHn (1.59). Eonee toto, ecnn npe/inonomiTb, hto ziBHacymmicji 3apn/i e 
nepeceKaeT nnocKyio noBepxHocTb So (puc. 10), orpaHHHeHHyio KOHTypoM L, to 
h b 3tom cnynae, KaK noKa3biBaioT pacneTbi, tok cmciuciihit 7 cm Hcpci noBepx- 
hoctb So He paBeH TOKy nepeHoca 7 n ncpci 3Ty >Ke noBcpxnoc'Tb So. OoycnoBncuo 
3 to TeM, hto tokh cMemeHHJi b BaKyyMe no cBoeil npn pone cymecTBeHHo ot- 
hhhhbi ot tokob nepeHoca peantHbix sapunoB, h k hum He npn\icnH\fbi b nonHoil 
Mepe Te npc/icTaBnciiiHi, KOTopbic H3BecTHbi ansi tokob nepeHoca peantHbix 3a- 
pn/loB. KpoMe toto, ansi ancMcirrapnoro TOKa nepeHoca onunoHiioro lapnna e 
ycnoBiie (1.53) Bbinonneimn 3aKOHa 3pcTC/ia HenpiiMeHHMO b tom bh.tc, b KaKOM 
oho npiiMeHHMo .inn tokob nepeHoca niiHeiiHbix tokob. Ecnn /inn miHeiiHoro 
TOKa nepeHoca (puc. 11) Bccryia HMeeT Mecra paBeHCTBo 

J j n ^S = j* j n <7S = 7 n , (1.61) 

5 s 0 

r/ie So - nnocKan noBepxHocTb, oxBaTbiBaeMan KOHTypoM L; Si - npoii3BonbHan 
noBepxHocTb, onupaiomancn Ha KOHTyp L, to nnn incMciiTapnoro TOKa nepeHoca 
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oflHHOHHoro vdpu.Td e ycnoBue npoH3Boni>HOCTH Bti6opa noBepxHOCTH HHTerpn- 
poBamM S' 0Ka3biBaeTcn y>Ke HenpneMJieMBiM (cm. pnc.12) 

J j n t/S ^ J j n ^S , (1.62) 

S 0 S' 




ryic ,S'o = S'o, S= S',L = L'. /)a>Ke npn ynere tokob cMeineiiHa nepe3 noBepxHOCTH 
•S'n H S' OynCM HMCTB 


Jjn^+ Jj CM iS^Jj n ^S + Jj CM ^S. 


(1.63) 


So So S' S' 

K paccMOTpeHHtiM HepaBeHCTBaM mtokho /rooaBi-iTB eme HepaBeHCTBa bh/ui 

(1.64) 


Jj c .dS. 


So 


So 


TaKHM o6pa30M, b paMKax coBpcMCiniBix npcncTaBJieni-m. He y/iacTCfl no- 
nyii-iTB 'icTKoil KapTHHti o KoiiKpcTiiBix oonac'Tnx jioKajiH3aunn Toxa nepeHoca n 
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tokob cMcinciina .TBH'/KyincrocH o.THno'inoro sapa.ia. Bcoc/ictbhc stoto npn 
nonaiTKc HiiTcpnpcTaHH h TOKa nepeHoca h tokob cmciuciihh bhvk ym c r och 3a- 
pa/ia HMeioT Mecra, b o6meM, He coBceM KoppcKTinac /lonymciiHsi h onpc/icncir- 
Htie Tpy.TnocTH. 

4 . AKcnajibHbie tokh cmciuciiiih h pa nia ii.m.ic MarHHTHbie nojiH 
flBHacymHxca 3apHAOB 

PaccMOTpuM, KaK cooTiiocHTca nojiHBiii tok nepeHoca h nonHtra tok CMe- 
meHH5i .HJia z(BH}KymerocH oxpiHOHHoro 3apjma e paxinyca r 0 , ecnH noBepxHOCTb 
HHTerpupoBaHHJi S oyacT naxonHTi.cH b rniocKocTii, n c p n c i r.T h Ky a si p n o ii k Ha- 
npaBJieHHio .ibi-T/Kciihh iapa.aa e, h ncpcccKaTBca hm. B npocTeilincM caynae, 
ecnn noBepxHOCTB HHTerpupoBaHHJi 8So nono>KHTB paBHoil Kpyry paxjnyca r 0 
(pa3Mepy iapsiaa e), to /pia nonHoro TOKa nepeHoca I n nepc3 noBepxHOCTb dS), 
mo>kho 3anncaTb 


/ n =Jj n ^S. (1.65) 

5 S 0 

H3 onpeacacniiBix paHee ycnoBHH divE = 0 b npocTpaHCTBe BHe o6teMa 
5v 0 , b KOTopoM 3aKaioHcn caM 3apa.a e, nenocpcacTBcamo cac/iycT. hto tokh 
CM ememM He MoryT npoHH3biBaTb noBepxHOCTb 5 S 0 , OTKyyja noJiynaeM 

4m= {.^ = 0. (1.66) 

5 So 

CooTBeTCTBeHHO, jj.ru MarHHTO^BH)KymeH chjibi b KOHType 6L 0 = 2nr 0 , oxBaTbi- 
BaiomeM noBepxHOCTb o.S 0 , 6y/ic\t HMeTb 

471 

} n dS = — I n , (1.67) 

c 

8L 0 8S 0 8S 0 

|h dl= J* rotHt/S = J* j CM t/S = —^~I CM = 0 . (1.68) 

8L 0 8S 0 8S 0 

nonyneHHBie pe3ynbTaTbi (1.67), (1.68) npoTHBopenaT c^eiiaHHOMy Bbirne 

BBIBO/iy 06 3KBHBajieHTHOCTH OmiCaHIM M3THHTHBIX HBaCIlMil OT .1BH>KyIIICTOCH 
oziHHOHHoro iapa/ia nepci tok nepeHoca h tokh CMCiruamsi. O/nraKO H3 (1.68) 
BHflHO, HTO OOaaCTB HHTerpHpOBaHIM O.S'o Bbl6paHa T3K0H, HTO TOKH CMCIHCIlHa B 
3 toh ooaac'TH iaBC.TOMO paBHbi Hyjiio. CacyiOBaTcnBiio, TaK KaK tokh cmcihciih>t 


<)H<71 = J rot H t/S = — j 
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ot ,TBH>KyincrocH o.innoHiioro 3apn/ia e b miocKocTH, nepncn.THKyjinpnoH k Ha- 
npaBncimio .tbhvkciihh 3apn.ua, MoryT obitb He paBHBi iiymo tojibko BHe noBepx- 
hocth o.S'n, oxBaTBiBaiomcii KOHTyp 5 L 0 , to, ohcbh.iiio, hto xpin yncTa tokob 
CMC iueimn nepei nnocKOCTb S oOJiacTB niiTerpnpoBannn /lo.T/Kiia obitb B3ma BHe 
noBepxHocTH o.S'n, T.e. 

5 

|h^ 1= JrotHo« = ^ Jj CM </S = ^/ CM *0. (1.69) 

L SS 0 §S„ 


)],jin npoBepKH eooTBeTCTBun (1.67), (1.69) npoBe/jeM KOJiHHecTBeHHbie 
pac'icTBi npuMCHHTcnBiio k o.THiio'inoMy iapnny oueKTpoiia e. llpoK.Tc Bcero, 
onpc.TcnHM BenHHHHy noiraoro TOKa nepeHoca I n nopci noBcpxnocTB o.S'n, coh 3- 
MepuMyio c paxjnycoM oneKTpoHa r 0 . npeanonaran CTpyKTypy oneKTpoHa cc|3epH- 
HecKoil c noBepxHOCTHoil nnoTHOCTbio 3apn.ua a = e/(4rcr 0 2 ) h yHHTbiBan, hto 
noBepxHOCTB nepecexaeTcn c 3apnxiOM e no OKpyncHOCTH 5/ = 2nr 0 , ^nn TOKa ne- 
peHoca /„ nepc3 ceHcimc o.S'n movkiio 3anncaTB 


dq <j 8I dx ev 
dt dt 2r 0 


(1.70) 


H3 (1.70) cnc/iycT, hto nomiBiil tok nepeHoca I n ot onnnoHiioro 3apn,ia e 
nepe3 noBcpxnocTB o.S'n He onpcncnncTcn npoiTiBC/iciincM bcjihhhiibi jihiichiioh 
nnoTHocTH o n iapnna e Ha CKopocTB. KaK oto HMeeT Mecra /pin ojicvieiiTapnoro 
lapn/ia dq = o n dx jiHiiciinoro TOKa nepeHoca 


dq 

dt 


CT n dx 
dt 


= cj„v . 


(1.71) 


IIpHHHMan bo BHHMaHne (1.70), /pin MamnTOZiBHncymeH chjibi b KOHType 5Zo 
noJiyniiM 



&L 0 


4 n ev 
c r 0 


(1.72) 


Tax xax KOHTyp 8L 0 npe/iCTaBJineT co6oh Kpyr pa/jnyca r 0 , to /pin (1.72) HMeeM 


in _ 2n ev 

ri 2jir q — , 


(1.73) 


OTKy^a Rim HanpH)KeHHOCTH MarHHTHoro nojia Ha noBepxHocTH 3apa^a e Haxo- 
£HM 
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c r 0 


(1.74) 


OnpeAensn nanpavR'cimocTb MarHHTHoro nona Ha noBepxHOCTH 3apana e 
paxinyca r 0 b nnocKOCTH nepneHziHKynapHOH k HanpaBneHHio ^BiiaceHim H3BecT- 
HOH (jjyHKUHOHajIBHOH 3aBHCHMOCTBK) (1.24), nOnyHHM 


h l = 1 -^. 
c >-0 


(1.75) 


H 3 cpaBHeHim (1.74) h (1.75) ycTaHaBUHBaeM, hto HaitneHHoe MarHHTHoe 
none H (1.74) nepe3 nonHtra tok nepeHoca I n (1.70) jjBiDKymerocn ozpiHOHHoro 
iapa/ia e npencTaBnucT co6oii oobihiioc paxjnantHoe MarHHTHoe none // (1.22), 
(1.23), (1.24) ^BiDKymerocfl 3apn^a. 

J\jw onpcncnciiH?! BennnnHBi nonHoro TOKa CMcmenmi I CM Hcpci BHenraioio 
noBepxHOCTB S KOHTypa 5 L 0 BtinumeM Bbipanccimc /pia HanpaaceHHOCTH oneic- 
TpnnecKoro nona E ot 'jneMCHTapnoro aapana e b tohkc N (pnc. 13) b bh.tc 

E = (e/r 2 ) sin 2 (p, (1-76) 

r/ic 9 - yron vicncny pan h yeo\i -bckto po m r'n HanpaBneHneM ;ibhvkciih5i lapa/ia e. 
ripHHHMan bo BHHMaHne nunHinpuHCCKyio ciiMMeTpuio anHaMnnecKon Kapra- 
hh nonen ziBHncymeroca 3apa£a, rjisl aKcnantHon n pa/inantHon cocTaBnaiomeH 
oneKTpnnecKoro nona E (1.76) b TOHKe N 6yneM HMeTt 

Till = E cos <p = (e/r 2 ) sin 2 (p cos (p, (1-77) 



E L = E sin (p = (e/r 2 ) sin 3 (p. (1.78) 

Ilpn .tbh'/Kciihh sapana e no nanpaBncnino AB bcktop oneKTpnnecKoro nona 
E b to'ikc N oyncT HiMcnsiTBca Kax no Bcnn'iinic, Tax n no HanpaBneHHio, hto 
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npHBC/ICT K H3MeHeHHK> BO BpeMeHH COCTaBjiaiOIHHX KOMnOHeHT OnCKTpH'ICCKO- 

ro noun (1.77), (1.78). C H3MeHMomHMHcn *e bo BpeMeHH nonnMH Eft) n E±(t) 
HenoepeziCTBeHHO CBsraiiBi tokh CMemeimn 


1 c5E|| 

(1.79) 

4ji dt 

1 5E ± 

(1.80) 

4ji dt 


h eonyTCTByiomHe hm MarmiTHBie nona 


H 

H 


_ 1 f [jcM|| XR 1 

1 c J Rl 

V 

_ 1 f [Jcm-L X R ] 

" cJ R 3 


dV', 

dV'. 


(1.81) 

(1.82) 


Ha HanajiLHOM OTane orpairn'invicji noKa /icTanBiiBiM iicciic/iOBanHCM tojib- 
ko aKcnajiBHOH cocTaBJiaiomeH tokob CMememin j CM || (1.79) xiBiincymerocn 3apn- 
Ra e. Hccne/iOBaHHio paxinajiBHOH cocTaBJiniomeH tokob CMememin j CM± (1.80) h 
HH^yunpyeMBiM hmh MarHHTHBiM nonnM nocBnmeHBi cne/iyiomHe 3 i 4 rnaBBi 
TiaHHOH paOoTBI. 

/(jin Haxo>K/ieHHJi npupamemin cocTaBJiniomeH noun E\\ (1.79) npn H3MeHe- 
hhh nononceHHn 3apnaa e Ha npnMoil AB (puc. 13), Hail^eM an(|Kj)epeHUHai[ ot 
npaBoil h neBOH nacTH ypaBHemin (1.77) 


^ 2 3 

dE\\ = — (2 sirup cos cp-sin (p)dcp. 
r 


(1.83) 


npupameHHe aKcnajiBHOH cocTaBJiniomeH oneRTpunecKoro noun dE\\, nonyneH- 
Hoe npn H3MeHeHim yraa cp Ha BeJiHHHHy dt p, OKBHBajieHTHO npupameHHio dE \, 
KOTopoe 6y/icT hmctb MecTo b tom cnynae, ecnn iapan e cMecTHTcn no npavioil 
AB Ha 0Tpe30K nyra dx, onpcncnncMoro H3 ycnoBiiii 


, x dtp r dtp 

dx = —-=--—. 

sin tp sin“(p 


(1.84) 


TaK KaK CKopoeTB .TBH/KciiHa iapn/ia e no npnMoil AB paBHa v, to /pin Bpe¬ 
MeHH dt nonynHM 
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rdf p 
vsin~ tp 


(1.85) 


C yneTOM (1.83) n (1.85), ajw iijiothocth TOKa CMememm y CM | (1.79) b tohko N 
M05KH0 3anHCaTB 


j C m|I = ~r( 2 sin tpcos 2 <p - sin 3 (p)sin 2 <p . ( 1 . 86 ) 

4n i 

TaK KaK Hac HHTepecyeT iijtothoctb TOKa cMememoi _/ CM || b nnocKocTH, nep- 
neHpHKyjiapHOH k nanpaBJicnnio .tbhvkciihh 3apjma e n nepeceKaiomen japa/i. to 
b (1.86) motkho nonomiTt yron (p = 90°, npn stom OyzieM HMeTB 

Jinx iraxo'/K/icnnyi cyMMapHoro TOKa cmciuciihsi 7 CM y 'icpci BHeniHioio no- 
BepxHOCTt S, npiineraiomyio k noBepxHOCTH 5So, 3 am«neM 

5=00 

^ ( L88 ) 

4ji J r 3 

85 0 

IloJiaraa dS = 2nrdr h 8S 0 = 7tr 0 , nepermmeM (1.88) b Bnae 

CO 

<>*> 

r 0 

HHTerpHpOBaHHe ( 1 . 89 ) ^ae t 

d-90) 

2 r 0 


5=oo 



§ S 0 


HTO B HHCHeHHOM BBipaTKOHIIII TOTKJjeCTBOHHO C p03yJIBTaTOM (1.70) JJflfl nOJIHOTO 
TOKa nepeHoca 7 n .TBHVKymcrocH aapa/ia e 'icpci noBcpxnocTB tiS'o. OranHiie pe- 
3yni>TaTOB (1.70), (1.90) b 3HaKe cooTBeTCTByeT TOMy, hto tok nepeHoca 3Jie- 
MeHTapHoro iapa/ia 7 n ncpci noBcpxnocTB d.S' n n tok cmciuciihsi 7 cm || ncpci BHern- 
HIOIO IIOBepXHOCTB S, npHMBIKaiOmyiO K noBepxHOCTH O.S'o. npOTHBOIlOJIOTKHBI no 
HanpaBnemno. nojiynoHHBie To>KziecTBeHHi>ie pe3ym>TaTi>i (1.70), (1.90) ,noKa3i>i- 
BaioT co6on 3aMKHyTBin xapaKTep nojmoro TOKa Io, paBHoro 




DiaBa 1. Tokh CMememin h pa/tnajiBHoe MaraiiTHoe none 

_ nBmKviuerocn 3apnaa _ 301 

Io = In + IcmII =0, (1.91) 

T.e. tok nepeHoca 7 n oncMcnTapnoro 3apn.ua e 'icpci cchciihc 55o saMBiKacTcn 
paBHBiM eMy n npoTHBonononcHO HanpaBJieHHBiM tokom CMememw 7 CM y nepe3 
BHemmoK) nonepxnocTb S. VlaTcviaTH'iecKH 3aMKHyTBiH xapaKTep nonHoro TOKa 
I 0 MO>KHO Bbipa iHTb B BH/IC 

div jo = 0. (1.92) 

Ot pe3ym>TaTOB (1.67), (1.70), (1.90) npn HHTerpupoBaHun no noBepxHOCTH 5 S 0 
n BHe ee nerao nepenra Tenept k npoiOBOJiBHOH noBepxHOCTH ,S' 0 pa/inyca r, 
nepeceKaiomen iapn.T e n ncpncn.iHKynnpnoH k iianpaBJicnwo ero nBHVKCimn 


s 0 

j>H<71 = | rotHf/S 

L 0 0 




*L(i -r ) = —/ 

V n cm H / p 


OO A 00 A 

}Hdl=j rot H dS = \ j CK]] dS = -~7 c " m|| , 

L S 0 C S 0 C 


(1.93) 

(1.94) 


ryie io - KOHTyp, orpaHHHHBaiomHH noBepxHOCTB Kpyra So ; 

i C M| - tok CMememin, npoHH3BiBaiomHH noBepxHOCTt So BHyTpn KOHTypa L 0 ; 
/" CM || - TOK CMemeHHJI, npOHH3BIBaK>IHHH nOBepXHOCTB S BHe KOHTypa i 0 . 


npnneM, aHanornnHO (1.70), (1.90), mo>kho 3anncaTB 

/ P = i,-/'cM|| = /"cM| (1.95) 

nnn 

div j 0 = div (j p + j" CM ||) = 0. (1.96) 

IIpHHHMan bo BHHMaHHe (1.70), ajul pe3yni>THpyiomero TOKa 7 p h 3KBHBajieHTHO- 
ro eMy o6paTHoro TOKa 7" CM || nonynuM 


7 


p 


ev 




dr 


'o 


ev 
2 r ’ 


(1.97) 


/ 


ft 

HI 


ev r dr 

r 


ev 
2 r 


(1.98) 


/JJin tokob CMememin 7' CM || h 7" cm || mo>kho eme 3anHcaTB 
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Tt I _ Ttt — 7 

1 cm|| ' 1 cm|| ^cmH? 


r,ne / CM || - nojiHBiii tok CMemeHiM b np o cipaH ctb e okojio £BH)Kymerocfl 3apjma. 
C yneTOM Toro, hto tok cMemeHiM /' CM || m (1.93) paBeH 


, _ ev ev 

CM " _ ~2r^ ~ ~2r ’ 

Ajisl nonHoro TOKa CMemeHini 7 CM y (1.99) ycTaHaBJiHBaeM 
I _I ev ev'\^ev_ev 


2 r 0 2 rj 2 r 2 r 0 


( 1 . 100 ) 


(1.101) 


hto cooTBeTCTByeT nonHOMy TOKy nepeHoca 7 n japa/ia e ncpci noBcpxnocTB o.S'n, 
con3MepnMyio c pa3MepaMH iapana. 

TaKHM o6pa30M, nojiHMH tok 7 p (1.97) ncpci miocKyio noBcpxnocTB So, KaK 
3 to 6bdio oTMeneHo b (1.63), (1.64), He onpezieioieTCfl oTaentHo hh tokom nepe- 
Hoca 7 n flBH>Kymeroca 3apa.ua e, hh tokom cMemeHiia 7' CM y, a npexicTaBJiaeT co6oil 
pa3HocTB mcvk.tv tokom nepeHoca 7 n jap ana e ncpcj norsepxnocTb tiS'o h tokom 
CM emeHiM /' CM || nepe3 noBepxHocTt S' = S 0 - 5 S 0 . P e3ynBTHpyiomHH tok 7 p (1.97) 
nepe3 ccHcime So jaMBiKacTca paBHtiM eMy h npoTHBononovKno nanpaBncniibiM 
tokom cMemeHHJi /" CM j| (1.98) nepe3 BHeniHroio noBepxHocTt S , npiiMtiKaiomyio k 
noBepxHOCTH S 0 . 

JXjul onpeaeneHiM MarHHTHoro nona 77, HH^yunpyeMoro pe3yni>THpyiomHM 
tokom I p (1.97) BflOJit KOHTypa L 0 , Hail/ieM CHanajia 3HaneHHe MarHHTonBiiacy- 
meil chjibi ot TOKa 7 p b KOHType L 0 

S„ 


oH(71= J* 


= f rot H JS = — 7„ = — — . 


( 1 . 102 ) 


3tot ace pe3yni>TaT mo>kho npcncTaBHTB b bh.tc 


L L L c c c r 


(1.103) 


Iloiiaraa b (1,103) 


d\ = 2nr , 


MO>KHO 3anHCaTB 
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2KrH = — l„- — 1' mV (1.104) 

c c 

H 3 (1.104) nenoepencTBCimo ycTaHaBJiHBaeM, hto MarHHTHoe none ot o.th- 
HOHHoro nriH'/KymcrocH iapa/ia e b nnocKOCTH S Ha paccToaHHii r ot Hero paBHO 

H = = (1.105) 

c r c r 


IloziCTaBnnn b (1.105) 3HaHemie tokob 7 n (1.70), / CM || (1.100), nonynnM 


r^e 


TT _ TT TT' _ 1 W 

H ~ H n M cu\\ ~ 3 "’ 

c r 




c r n r 


jr, = I 

cm|| 


ev ev 


V r o r rj 


(1.106) 

(1.107) 

(1.108) 


CncnonaTenbiio, Kor.ua paivicpu KOHTypa L 0 oonimic pa3MepoB sapana e 
aneMeHTapHoro TOKa nepeHoca / n , to nonHaa MarmiTOZiBHacymaa cnna b KOHType 
L 0 (1.102) onpenenflCTCfl KaK paniocn. m an m to n bhvkv i n c il cnnti ot TOKa nepe- 
Hoca 7 n n m ar n hto n bh vKyi n c il cnnti ot TOKa cmciuciihsi b bi-i/ic (1.103). CooTBeT- 
CTBeHHO, n pe3ynr>THpyioman HanpaaceHHOCTt MamnTHoro nona 7/(1.105) Bxjont 
KOHTypa L 0 onpcncnHCTCsi KaK paniocn. xianiHTiioro nona 77 n ot TOKa nepeHoca 
7 n h MarHHTHoro nona 77' CM || ot TOKa CMemeHiia 7' CM ||. Pe3yntTaT (1.106) b Konn- 
necTBeHHOM BtipaaceHHH movk'ct obitb nonyncn TaKVR'c coraacHO H3BecTHoro co- 
OTHomeHiia (1.24). Ilpn (p = ti/2 HenoepeziCTBeHHO ycTaHaBnHBaeM 

H l =~, (1.109) 

c r 


hto corinanacT c (1.106). Bni-iny KonHHCCTBCimoro corsna/icnnsi pcayubTaTOB 
(1.106), (1.109) mo)kho 3aKnioHHTi>, hto HOBaa (JiyHKHHOHantHaa 3aBHCHMOCTB 
(1.105) onpexienaeT H3BecTHoe paanantHoe MarHHTHoe none H± (1.22)-(1.24) 
.TBHVKyincrocH om-moHiioro japa/ur Ho b TaKOM cnynae .zpia (1.105) movkiio 3a- 
nncaTB 


77, = 77 n , - 77 cmJ _ = — ^r. 


c r 


( 1 . 110 ) 
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OTJiHHue 3aBncnMocTn (1.110) ot H3BecTHOH (1.109), nony'iciiiioii cornac- 
ho (1.22)-(1.24), 3aKJiK)HaeTca, npe>K/ie Bcero, b tom, hto 3aBHCHMOCTH BH/ia 

(1.22) -(1.24), KaK 3to cjiopMajiBHO cne/iyeT 113 3anncn ypaBHemiil MaKCBenna 
(1.1), (1.2) h (1.10), (1.11), onpe/ieiraioTcn jih6o tojibko nepe3 tok nepeHoca I n , 
jih6o tojibko 'icpci tok cmciuciihji / CM , MOK/iy TeM KaK b tic ii ct b htc ji b i i o ct h pa- 
ZinajiBHoe MarHHTHoe none Hy (1.110) onpeaenneTcn npn 0/iHOBpeMeHHOM yneTe 
n TOKa nepeHoca I n n TOKa CMememin / CM ||, npuneM tok CMememw yniiTBiBaeTcn 
toubko 'icpci koiichiioc cc'icimc So- O.TiiaKO pemcimc (1.110) He OKBiiBaneHTHO 
3anncn ypaBHeHnil MaKCBenna b Bii/ie (1.25), (1.26). H 3 cpaBHemm (1.109), 
(1.110) M05KHO laKJIIOHHTB, HTO B H3BeCTHBIX cjjyHKIIHOHajIBHBIX laBHCHMOCTIIX 

(1.22) -(1.24) HcnonB3yeTcn cjjopMajiBHoe npexjcTaBJieHHe KaK o TOKe nepeHoca, 
TaK n 0 TOKe CMemeHiM, T.e. peajiBHBin pe3yjiBTiipyiomHH tok / p = 7 n — /' CM || = 
ev/(2/-) nepe3 ceneHiie S 0 npniiHMacTCH b ypaBiiciimix (1.1), (1.2) 3 a tok nepeHo¬ 
ca, hjih b ypaBHeHimx (1.10), (1.11) 3 a tok CMememin. 

BBinie OTMenanocB [1] o Hannnun cymecTBeHHoro otjihhhh m OK/iy tok3mh 
cmciiiciihsi n tokom nepeHoca. O.TiiaKO sto oTnunne 6a3npoBajiocB, b ochobhom, 
Ha o6mnx npe.TCTaBJicniMX. hto tokh nepeHoca CBHiaHBi c nepeHocoM peanBHBix 
lapn/iOB, a tokh cmciuciihh He CBmaiiBi c nepeHocoM lapn/iois. B BBipaiKemiH 
(1.105) o6napync h b a c tc h eme 0/1110 cymecTBeHHoe OTnunne (|)hiii'icckiix 
CBOHCTB TOKOB CMCIUCIIHJI. COTJiaCHO (1.105), HanpjDKeHHOCTB MaTHHTHOTO nOJM 
b TOHKax Ha KOHType ot TOKa cMeu/emin / CM || 'icpci cchciihc .S' (i 

1 27' I, 
c r 

onpeaenaeTCJi cjjyHKUHOHajiBHOH 3aBHCHMOCTBio 

H = -—, (1.112) 

c r 

cnpaBe/uniBoii toubko /pin 6ecKOHeHHoro npnMOJiHHeiiHoro TOKa 7. Tpy6Ka TOKa 
CMemeHiin c tokom / cm || b ceneHUH S 0 npe/inonaraeTcn KaK 6 bi 6ecKOHeHHOH h 
npnMOJIHHeHHOH C HeH3MeHHBIM 111 a 'I C 11 IIC N T TOKa CMCIUCIIHJI /' CM |j. O/IIiaKO, B 



Phc. 14 




DiaBa 1. Tokh CMemeHHn h pa/jHajitHoe MarmiTHoe none 

_ aBmxvinerocn 3apnaa _ 305 

TiencTBHTeJiBHOCTH, b 6nn>KaHmHX nee napannentHtix ceneHHnx So = S' = S" n 
t.,h. Tpy6KH Toxa cMemeimn, tok cMcmcnun /' CM | He ocTaeTcn Hen3MeHHBiM hh no 
BeJiHHHHe, hh no HanpaBJieffliio. Cne/iOBaTentHO, npn onpexieneHHH HanpnnceH- 
hocth MarHHTHoro noun Ha noBepxHOCTH Tpy6iai Toxa CMemeimn jnancima Toxa 
CMemenna b GjinncaHimix cencimax h, Boo6me, no Been Tpy6Ke Toxa cMemenna 
He bjihmot Ha pe3ym>THpyiomyio BenHHHHy HanpnnceHHOcra viarimTiioro nona 
H± b ceneHHH So stoh ace Tpy6xn Toxa. flpyniMH cnoBaMH, ecnn pe3ym>THpyio- 
mee 3iiaHciiHe nanpnvxcnnocTH vianiHTiioro noun II ot nHirciinoro Toxa nepe- 
Hoca naxo.THTcn cyMMupoBaHiieM nanpn'/XcnnocTH vianiHTiioro noun ot Bcex 
3JieMeHTOB jiHHeHHoro Toxa, to pe3ym>THpyioman HanpnnceHHOCTt MarHHTHoro 
noun Ha noBepxHOCTH Tpy6xn Toxa CMemeHHn b cc'iciihh So onpc/iCJincTcn Heno- 
cpeacTBeHHo TeM iiiaHcnucM Toxa CMemeHHn / CM ||, xoToptra pcHCTBUTcnwio 
npoHH3BiBaeT b naniiBiil momciit cchciihc So. ripinicM nanpn>KcnnocTb MarHHT¬ 
Horo noun H±, cooTBeTCTByroman Toxy CMemeHHn / CM j|, onpeaenneTcn tojibxo Ha 
noBepxHOCTH HiTiHn.TpHHCCKH CHMMCTpH'inoH Tpy6xn Toxa CMemeHHn, C OCBIO 
CHMMeTpiiH, coBna/iaiomeil c HanpaBJiefflieM .ibh/Kciihh aapn/ia. 

PaccMOTpuM TcncpB o6mnH c-aynaS, Kor/ia nnocxan xpyrnan noBcpxnocTB 
So (puc. 14), nepneii.THKynnpnan x nanpaBJieimio flBnnceHHn 3apn,aa e, b pac- 
CMaTpHBaeMBiH MOMeHT BpeMeHii nBHo He nepecexaeTcn ancMciiTapiiBiM toxom 
nepeHoca iapnpa e. HanpuMep, onpc.acnHM, xaxon tox oy.aeT nepecexaTt no- 
BepxHOCTB So xpyra pannyca r', ecnn neiiTp xpyra naxo.THTcn Ha npnvioii CC, 
coBna/iaiomcil c HanpaBJieHiieM ,iBH/xeimn aapnna e. Bfiimy cuMMerpnH xapra- 
hbi OTHOCHTentHO och CC, /ran napamienBHOH cocTaBJimomeM toxob CMemeimn, 
aHanorHHHO (1.86), mo>xho 3anHcaTL> 

y CM || = — -^-(2sin(pcos 2 (p-sin 3 (p)sin 2 (p . (1.113) 

4ji r ri 


Ilcxonn H3 cnpaBenJiHBOCTH paBeHCTBa 

r' = d tg <p 

nepenumeM (1.113) b Bime 

icM|l = 7 _ ^T (3 cos2( P _1 ) cos3( P- (1-114) 

4 d i 

B 3tom cnynae nojiHtiH tox CMemenun /' CM || nepe3 noBepxHOCTt So 6yzieT paBeH 

^CM|| = J icM|| dS = | (3 cos 2 (p - l)cos 3 (pt/5. 

*0 ^0 


(1.115) 
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npHHHMaa bo BHHMaHHe, hto dS = 2ni J dr, h jjenaa 3aMeHy 

r’ = d tg 9 h dr = d ^ 
cos“cp 

nepennineM (1.115) 

/'m|i =— I (3cos 2 (psin(p-sin(p)t/(p, (1.116) 

2d J 
o 

ryie (p - nepeMeHHaa nHTerpiipoBamiJi. 

HHTerpupoBaHne (1.116) Jiaer 

7 cm|| "^[ COS(p lo “ cos 3 (p|^j = ^-(cos(p-cos 3 (p). (1.117) 

riocne Hecno)KHi>ix npeo6pa30BaHHH oKOHnaTentHo oy/icM hmctb 

I' culi =—sm 2 <pcos<p- (1.118) 

2d 

3aMeHJM b (1.117) npejjenti HHTerpiipoBaHiui, mra TOKa CMemeHHJi /" CM ||, npoHH- 
3i>iBaiomero npocipaHCTBO bhg noBepxHOCTH So, nonyHHM 

T" ev ( 3 r /2> l ev , 2 1im 

/ =— cos® -cos® =-—snr®cos®, (1-119) 

CM|1 2 d\ * U ) 2d 

hto KOJiHHecTBeHHo corsna/iacT c (1.118). OraHHiie b 3HaKe odycnoBJieHo tcm, 
HTO TOK CMemeHHJi / CM || Hepe3 nOBepXHOCTB So H TOK CMemeHHJi /" CM || Hepe3 
BHeuiHioio noBcpxnocTb S npoTHBonoJioJKHti no HanpaBJieHHio. FIpn stom tok 
CM emeHHJi /' CM || coBna/jaeT no HanpaBJieHHio c tokom nepeHoca I n 3JieMeHTapHoro 
3apjma e, a tok CMemeHHJi /' CM || npoTHBonoJioJKeH no HanpaBJieHHio TOKy nepe¬ 
Hoca /„. nonyHeHHoe KOJiHHecTBeHHoe paBeHCTBo (1.118), (1.119) 0Tpa>KaeT co¬ 
don 3aMKHyTtiH xapaKTep noJiHoro TOKa, hto tok CMemeHHJi /' CM || ncpca noBepx- 
HOCTB So iaMblKaCTCH TOKOM CMemeHHJi Hepe3 BHeiHHIOIO nOBepXHOCTB S, T.e. 

/'cm|| + /" CM || = o. ( 1 . 120 ) 

3Haji iiiaHcimc TOKa CMemeHHJi /' CM |j (1.118) ncpc j TpyOKy TOKa CMemeHHJi 
cenefflieM So h yniiTtiBaji cnem«l}HHecKHe CBoilcTBa TOKa CMemeHHJi (1.111), 
(1.112), asm HanpjDKeHHOCTH MarHHTHoro nojui Ha noBepxHOCTH Tpy6KH TOKa 
CMemeHHJi pajinyca r (puc. 14) nonyHHM 
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jjr _ 1 ^ cm || 


1 ev . 2 

-^— sin - cp cos (p . 

c r'd 


( 1 . 121 ) 


npHHHMan BO BHIIMaHHe, HTO 

r' = r sin <p n d = r cos (p, 

Oy.TCM HMCTB 

1 PV 

^=- —sin<p, (1.122) 

c r 

hto coBnaxiaer co 3HaHeHneM HanpaaceHHOCTH MamuTHoro nona b tohkc N, on- 
peaenaeMBiM H3BecTHon (|)ynKHHonanMioii 3aBHCHMOCTi>io bh/ih (1.24). H 3 cob- 
najyeumi pe3yni>TaTOB (1.122), (1.24) cne^yeT bbibo,h, hto HaitneHHoe BBipaace- 
Hne Rim HanpaaceHHOCTH MamuTHoro nona /f CM (1.122) nepe3 aKcnajitHyio co- 
CTaBnaiomyio TOKa CMemeHna I' CM y (1.118) npeacTaBJiaeT co6oil oOtiHHoe pa/jn- 
anBHoe MarHHTHoe none (1.22)-(1.24) jjBiiacymeroca 3apa.ua e. Cne,noBa- 
TentHO, Rim (1.121), (1.122) MoacHO 3anncaTB 

jj 1 ^cm|| 1 ev . ,, ,,,, 

H± = -- JL =--sintp. (1.123) 

c r c r 

IlpoBepuM npaBHJiBHOCTB noJiyHeHHoro pe3ym>TaTa jy ,Jia TOKa CMemeHna 
/' CM H (1.118) nepe3 noBepxHOCTB So, ncnom>3ya (j)opMajn>Hi>ie npexiCTaBJieHHa o 
TOKe nepeHoca 7 n BncMcnTapiroro iapana e n npon3Bom>HOCTH BBioopa noBepx- 
hocth HHTerpnpoBaHna. ITpoBC/iCM nepe3 sapa.T e npon3Bom>Hyio noBepxnocTB 
S, onnpaioniyioca Ha KOHTyp L 0 (pnc. 14). B 3tom cnynae zjna MamnTOZiBnacy- 
meil chjibi b KOHType L 0 MoacHO 3anncaTB 

|h£/ 1 = ~ J" j n ^S = ~^ n ■ (1-124) 

A, s 


YnuTBiBaa nunHiinpuHCCKyio cuMMeTpino n hto L 0 = 2jrr', nonynnM 


H2nr' = 



(1.125) 


Onpeaenaa cornacHO (1.24) HanpaaceHHOCTB MamuTHoro nona H± b TOHKax Ha 
KOHType L 0 
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H l =—^t sintp (1.126) 

C I'¬ 
ll no/iCTaBJiaa b (1.125), onpezienHM tok nepeHoca 

evr' 

4 =—^sincp. (1.127) 

2 r- 


IlpHHHMaH BO BHHMaHHe (pHC. 14 ), HTO 

, , d 

r =d tg <p h r = -, 

cos cp 

h no/icTaBnsfl b ( 1 . 127 ), OKOHnaTentHO ansi TOKa nepeHoca 7 n nepei noBcpxnocTb 
S ycTaHaBJiHBaeM 


ev . 2 

I n =TT Sln 9C0S(p, 
2d 


(1.128) 


hto coBna^aeT c (1.118). 

O/uraKO, conocTaBJiM (1.118) c (1.128), mo>kho 3aMeTHTB, hto H3BecTHoe 
(|)opManbiioc npe/icTaBJieimc o TOKe nepeHoca 7 n nepei noBepxHocTb S sKBHBa- 
neHTHO TOKy CMemeHiM /' CM nepei noBepxHocTb Sq. B stom cnynae, KaK sto 6bi- 
no OTMeneHO paHee (1.60), (1.62)-(1.64), orpaHHHeHHOCTb npeziCTaBnemui o 
TOKe nepeHoca 7 n HBi-T/Kymcrocn saps/ia BH.Tiia ocoocimo iiananno, TaK KaK, ,to- 
nycKas nepaBeHCTBO nymo TOKa nepeHoca 7 n (1.128) nepei npoiKBontHyio no- 
BepxHocTB S, H3BecTHoe npcncTaBHcnnc nraopupyeT B03M0>KH0CTb cyinecTBo- 
BaHini tokob CMemeHiM b npocTpaHCTBe okoho .TBH'/Kyinerocs lapuna, Korapbie 
TaioKe oynyT ncpcccKaTB noBepxHocTb S. OnnaKo, TaK KaK b ^encTBHTenbHocTH 
nmopupoBaTB cymecTBOBaHne tokob cmciuciihs b npocTpaHCTBe okoho nBHVKy- 
incroes 3apn/ia, c ootckthbiioh tohkh 3peHna, He npc.icTaBn sctch bo3mo)khbim, 
to H3BecTHoe npencTa anemic o TOKe nepeHoca 7 n (1.128) hcooxohhmo paccMaT- 
puBaTb KaK rpyooc t|)opManbiioe npn6jiH>KeHHe. H3 paccMOTpeHHoro ncnocpen- 
cTBeHHo cnc/iycT TaioKe bbibo.t, hto /ins peajibHbix tokob nepeHoca 7 n (1.93), 
(1.70) H TOKOB CMemeHiM 7 cm „, 7' cm ,| (1.90), (1.93), (1.118) npOH3BOnbHOCTb B BBI- 
6ope noBepxHOCTH miTerpiipoBanmi iic.TonycTHMa. 

TaKHM o6pa30M, b 3aKJHOHeHHe moikho otmcthtb, hto pa/inajibiioc MarHHT- 
Hoe none 77j_ .TBiivKymcrocs 'lapn/ia e, b o6meM cnynae, MoiKeT 6 bitb onpenencno 
TontKO nepe3 aKcnantHyio cocTaBnaiomyio tokob CMemeHiM 7' C1I || (1.118) zibh- 
VKyiHcrocs 'lapn/ia. B nacTHOM cnynae, Koryia MarHHTHoe none // HBiivKymcrocs 
3wpana e onpenenucTCH b nnocKoera S, nepeceKaiomeil lapun e, oho mo>kct 6bitb 
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onpepeneHO toubko nepe3 peayntTupyiomnn tok / p = /„ - / CM y (1.93). H, HaKO- 
ncn. b c.THiicTBennoM cuynae (1.70) nanpsi'/KcnnocTB \ianiHTiioro nona // Ha 
noBepxHOCTH aapapa e onpepenaeTca toubko 'icpci tok nepeHoca I n 3apa/ia e. 
H 3 paccMOTpeHHoro cnc/iyeT. hto o6nacTB cymecTBOBaHiia TOKa nepeHoca 7 n 
(1.70) .TBHVKymerocH iapapa e orpaHiiHHBaeTca pa3MepaMH caMoro lapa/ia e, 
npi-iHCM 3to cnpaBC.T.THBO ,Ta>KC b tom cnyHae, ecnn tok nepeHoca /„ onpcncna- 
eTca nepe3 cenemie S = nr 2 , 6onBinee, neM cenefflie caMoro 3apapa 5 S = 7tr 0 2 , 


/ N 


c 

\ 

ev 


ev 

ev 

l 2r oJ 

n 

y 2r 0 

2r , 


(1.129) 


MarHHTHoe none II , h n .t y 11 m p y c m o c tokom nepeHoca I n ABHacymeroea 3a- 
pa/ia e 


H 


n 


1 2 
c r 


f ev ^ 


v 2r oy n 


(1.130) 


noKanH30BaHO b orpaHHHeHHOM o6i>eMe Meacpy pByMa napamieiiBHBiMH nnocKO- 
ctmh S' n S", KacaioiHHXCH iapana e c hbvx cTopoH, npuHCM caMH nnocKOCTH S', 
S" ncpnen.THKynsipnbi k nanpaBJieimio .tbhvkciihh lapH.ia. 06nacTBio cymecTBO- 
BaHiia tokob CMenjeHna I CM y, /' CM ||, /" CM y pBiiacymeroca 3apapa e aBJiaeTca Bee ok- 
pyacaiomee iapsn e npocTpaHCTBo, Korapoe aBJiaeTca h oonacTBio cymecTBOBa- 
11 IT51 MarHHTHOTO nOJia OT TOKa CMCIHCIIH5I 


H' - l 2 

M cm~ - 

c r 


ev ev 
v 2r 0 2r , 

V u y cm 


hjih, b o6meM cjiynae, 


12 f ev . 2 


#CM =-r TTT sin 9COS(p , 

~ 2 a 


\ 2 ( ev . 2 


#cm =-r TT sin <P > 

c r \2r 


(1.131) 


(1.132) 

(1.133) 


HTO 3KBHBajieHTHO 


H' 


1 

c 


2 

r sin tp 


ev . 2 

— sin m 
2 r ) 


CM 


(1.134) 


HJIH 
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HL 


1 ev . 

--sirup. 

c r 


(1.135) 


Bmboam 

B 3aKJiK)HeHne cneziyeT otmcthtl. hto iihkhkoh c|)hwicckoh oKBHBaneHT- 
hocth onucaHna pa/jHajitHoro MarHHTHoro nona H± .qBiDKymeroca 3apima e jih- 
6o tojibko nepe3 tok nepeHoca flBiDKyiqeroca 3ap>ma e (1.1), (1.2), jih6o tojibko 
' icpci o/iiiM tokh CMemeHHH (1.10), (1.11), b /i c ii c tb htc.b b n o c t h He cymecTByeT. 
Tok nepeHoca h tokh cmcihciihsi jiBHVKyiqerocH lapana e n p c .3 c tb b n hi o t co6oh 
ncpaipbiBiioc c3hiictbo. KOTopoe o6ycnoBJiHBaeT co6oh cyiqecTBOBaHHe bo BceM 
npocTpaHCTBe okojio .BBHVKymcrocH lapaqa e toto pa^najiBHoro MarHHTHoro 
noun H±, KOTopoe cjiopMaJiBHO omicBiBaeTca cjiopMyjiaMH (1.22)-(1.24). 
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TjiaBa 2. Tokh CMemeHHH h pa.uia ii.noe MarHHTHoe nojie 


jumeimoro TOKa 

(1978 r.) 


1. H3BecTHbie npeacTaBJieHHH o TOKax cmciuciiihi nocTOHHHoro TOKa 


H3BeCTH0, HTO npil .TBH/KCIIHH O.THIIO'niOrO 3JieKTpilHeCKOrO iapa/ia B npo- 
cTpaHCTBe okoho Hero nn/iyiinpyioTca tokh cMcmcnna 


j 


CM 


4 n dt 


( 2 . 1 ) 


3 a c'ict himchciihh bo BpeMeHii sneKTpiiHecKoro noun E. Bbc/tciihc tokob cMe- 
meHHJi b ypaBHeHim MaKCBenna 


,, 4ji . 471 . 

rot H = j n j CM 
c c 


( 2 . 2 ) 


OI.LTH BI.IiBain.I IICOOXO.THMOCTBIO yTlOBHCTBOpeilHH yCJIOBHK) HenpeptlBHOCTH 
TOKa KaK hjisl ncpcMcniiBix bo BpeMeHii tokob nepeHoca, TaK h tut a He 33MKHy- 
tbix tokob nepeHoca, 0Tpe3K0B TOKa ii o.Tuno'ini.ix /jBHTKymHxca lapanoB. Echh 
3tot 7jononHHTeni.Hi.ffl nneH (2.1) bxoziht b ypaBHeHiie MaKCBenna (2.2), to sto 
03IiaHaCT, HTO B HBH6HHH HIlHyKHHH MarHHTHOTO nOHH TOKH CMCIKCIIHH IirpaiOT 
TaKyio /Kc ponb, KaK h tokh nepeHoca. OniiaKO, ecnn a anemic nn/iyKHim Mar- 
HHTHOrO riOHH T0K3MH CMCfflCIIIia nciiCTBUTCHBIlO CymeCTByeT, TO B03HHKaeT 

Bonpoc, no'icMV paHee sto a anemic He Oi.ino otkpbito? Ebihh BbicKa’iam.i npcn- 
noHOTKeHiin [1], hto, npc>Knc Bcero, TaKiie B3aiiMOCBH3H tokob CMcmcmia c Mar- 
HHTHBIMH nOHHMH HHKTO He HCK3H no TOH npilHHHe, HTO HCXO/W H3 06lHC(|)H3H- 
necKiix npencTHBncmiii toto BpeMeHH, no/ioom.ic om.iTbi He vtornii oEHapyrniTi. 
KaKHX-HIl6o IIOBI.IX HBHeHHH, OTIIOCSHIUIXCSI K nocnc.TiiCMy HHeHy b ypaBHeHHH 
MaKCBenna. B peantHOM cnynae b hio6oh sneRTpiinecKOH uenii, r^je ecTb nepe- 
MeHHbie sneKTpiiHecKHe nona, KaK npaBHno HMeiOTca h tokh npoBOfliiMOCTH 
TIBHTKymHxca lapanoB. IlpiiHeM, iin.nymipycMoc MarHHTHoe none B b npocTpaH- 
CTBe okoho ancKTpmiccKoii uenii annaeTca TaKHM, KaKoe mothh Obi coi/ian. sth 
TOKH npOBOflHMOCTH. /)eHCTBHTeHbHO, OHO npC/lCTaBnaCT eo6oil HMeHHO TO Mar¬ 
HHTHoe none, KOTopoe movkiio Obino 6 m bmhhchhti., nonbayaci. 33 kohom Eiio- 
CaBapa. B Mc/mcmio HBMcnnioimixca non ax nomn.iii BKna/i b MarHHTHoe none B 
b hio6oh TOHKe ot Bcex tokob CMcmcmia npaKTHHecKii paBeH Hynio. Om.iTHi.iM 
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nyTeM 6 biho ycTaiioBncno, hto ana Mcancimo vicnnioinuxca KBaiHcaaiu-ionap- 
hbix tokob MarHHTHoe none b tohkc iraonioacnim N mo)kgt 6bitb BBinncneHO no 
3aKOHy Eno-CaBapa, np intense mo mv tohbko k aneMcnaaM TOKa npoBoaHMoean. 
CneaoBaTenBHo, ana MeaneHHo MeHmomiixcn tokob ojieKTpunecKoe none nona- 
racTCH npaKTnnecKH noCTonHHBiM n npoi-nBoanaa no BpeMemi (2.1) .ana TaKoro 
TOKa npaKTnnecKH paBHa nynio. B nacTHOM cnynae nocToannoro TOKa nepeHoca 
miHenoro npoBoaHHKa tokh CMememin b npocTpaHCTBe okojio npoBoaHHKa no- 
noratoTca ToncaecTBeHHO paBHtiMH Hynio. Ecnn ace 6 bitb nyHKTyajitHBiM, to 
cneayeT CKa3aTB, hto TpaannnoHHO nonaranncB ToncaecTBeHHO paBHtiMH Hymo. 


2. Tokh CMemeHHH jiHHeiiHoro nocTOHHHoro TOKa 
b cpeae (j)H3HHecKoro BaKyyivia 


PaccMOTpnM npjiMoiiHHeHHyio aocTaTO'ino am-mnyio 3apnvKennyio hhtb c 
jiHHenHOH nnoTHOCTBio 3apaaa o. Hanpsi>KciinocTB aneKTpHHecKoro nona E oko- 
no iapH'/Kcnnoii hhth onpeaemiTcn h3bccthbim BBipa’/KximcM 

E = 2dr. (2.1) 

Ecnn iapsT/Kcimyio hhtb npuBecTH b aBH/Kcnne co CKopocTBio v bhohb cbo- 
ero HanpaBJieHiM, to b npocTpaHCTBe okoho 3apn>KeHHOH hhth, noMHMO aneK- 
TpunecKoro noun E (2.1), 6yaeT HHayunpoBaTBcn (KaK 6biho otmchcho b npeati- 
aymeil raaBe) paananBHoe MarHHTHoe none H, onpeaenaeMoe h3bccthoh cjtyHK- 
HHOHanBHOH 3aBHCHMOCTBK) Buna 


H ± = -E = - 


1 2 ctv 
c r 


( 2 . 2 ) 


Brainy ycnoBiin v = const nanpnvKcimocTB sneRTpunecKoro nona E (2.1) b mo6oil 
TOHKe npocTpaHCTBa okoho aapavKennoH hhth oyncT hmctb HeH3MeHHoe iiiaae- 
HHe E = const, OTKyaa, Ka3anocB 6bi, cncaycT oacnaaTB, hto tokh cvtemeima b 
npocTpaHCTBe okoho nBHVKyiHeMca 3apavKennoH hhth aonaaiBi oTcyTCTBOBaTB, 
TaK KaK ana mo6oil tohkh npocTpaHCTBa movkiio nonomiTB 



(2.3) 


H3 (2.3) iienocpcacTBcnno ycTaHaBHHBaeM 


= J-®=0. 

4jx dt 


(2.4) 


OanaKO cneayeT otmcthtb, hto bbiboh o nocToaHCTBe HanpaaceHHOCTH 
aneKTpHHecKoro nona E (2.1) nonyneH, Boo6me-TO, b pe3ynBTaTe paaa nocneao- 
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Puc. 15 


BaTentHBix (JiopMajiBHBix no CBoeMy cymecTBy MaTeMaTHHecKiix onepannn. 
IIpe)K,ne Bcero, Hanpn5KeHHOCTi> ojieKTpnnecKoro noun E b BH^e (2.1) ycTaHaB- 
ni-macTCH b pciynbTaTC onepannn HiiTcrpuporsaiiHfl. paccMaTpiiBan noKonmyiocn 
aapa'/Kcimyio hhtb AB (pnc. 15) cocTaBJicnnoil m occKoiic'inoro KonnnecTBa 
aapnvKeniibix oneMCiiTon dx c iapn/ioM dq = o dx. Onepannn HiiTerpupoBaimn 
Mo>KeT obitb npe.icTaBJiena b bh/ic 

+n/2 

_ f „ Cadx C ucosada 2c 

E v = \dE L = \ —— cosa = I -= —. (2.5) 

-vJ2 

flanee, nocne ycTaHOBJieHHn (2.5), hto HanpjDKeHHOCTb ojieKTpnnecKoro 
noun E p b jik>6oh tohkc Ha paccTosninn r ot noKonmencn aapavR'cimoH hhth oc- 

TaCTCH HeH3MeHHOH 

E = — = const, (2.6) 

p r 

/icnacTcn npennonovR'ennc, hto h npn .tbhvk'ciihh aapnvKennoH hhth B.ioJib cbo- 
ero HanpaBiieHHJi c nocTonHHon cKopocTtio v (v « c) nneicrpHHecKoe none yB- 
ncKacTcn BMecTe c aaps'/Kcirnoil iihtbio KaK ohiio nenoe n nanpnvKcnnocTb oneK- 
TpnHecKoro noun E vt Ha Hen3MeHHOM paccTonim h ot aapnvKcnnoH hhth TaioKe 
oyncT ocTaBaTBcn bcjihhhiioh hoctojihhoh, T.e. 

^ aB = — = const. (2.7) 

r 
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j 


CM 


1 dE m 

4n dt 


= 0 . 


(2.9) 


TaKHM o6pa30M, ecnn jjm nBnvKyinerocH co CKopocnno v nncMcnTapnoro 
sapa/ia dq = o dx 3apH/KeimoH hhth aneKTpiiHecKoe none E b tohkc naojno/icnnsi 
N He nBnneTcn nocTonHHtiM KaK no BemiHHHe, TaK n no HanpaBneHino 

m = ^ L r'(t), (2.10) 

r (0 


to nocne c y m \t m po b a ii h a oncKipimccKoro non a ot Bcex oncMcnTapnux iapmoB 
o dx 3apn>KeHHOH hhth nonaraeTcn, hto cyMMapHan HanpjinceHHOCTB aneKTpiiHe- 
ckoto noun E p (2.6), E, m (2.7 ) b TOHKe HaOmo^eHun OKa3tiBaeTcn ynce BennnuHOH 
nocTosninoil. To ecTt, anpuopHO, 6e3 iicooxo.thmwx /i o k as a Tent c tb , nonaracTcn, 
hto 3JieKTpnHecKoe none E m (2.7) yBneKaeTcn c 3apjDKeHHoii hhtbio KaK opho 
uenoe. 

H3BecTHO (KaK 6tmo OTMeneHO b npeptmymeH rnaBe), hto jjrr nio6oro 
ozihhohhoto 'jncMCiiTapnoro sapa/ia dq = o dx nBHVKymcncn sapnvKcnnon hhth 
tokh CMemeHHn y CM b o6meM cnynae He paBHti Hynio, TaK KaK jj.ru mo6oii tohkh 
npocTpaHCTBa dE/dt ± 0. B nacTHOCTH, jjrsl aKcnantHOH cocTaBJunomen TOKa 
CMemeHHn dI CM y ot aneMeHTapHoro pBiincymerocn 3apima dq = adx toh nee 3apn- 
VKcnnon hhth nepe3 nnocKyio noBcpxnocTB So = nr 2 (puc. 16 ) movkiio 3amicaTB 


avdx . 2 

dI cM\\ ( P C0S( P 


( 2 . 11 ) 


nnn, nonaran d = r/( tg (p), 6y,neM HMeTB 



^cm]| - 


avdx . 3 
-sin cp. 


2 r 


( 2 . 12 ) 
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Cne/iOBaTentHO, ecnn cyMMapHtra tok CMememw 7 CM b npocrpaHCTBe OKono 
XIBHJKymeHCJi co CKopocTBio v = const aapsr/KcnnoH hhth /ichctbhtcjibiio paBeH 
Hynio, KaK oto cne,nyeT H3 (2.4), (2.9), to cyMMiipoBaHiie oneMeHTapHtix tokob 
CMememui dI' CM || (2.12) ot Bcex oneMeHTapHtix 3ap>moB dqi = adxi 3apjDKeHHoii 
hhth TaK)Ke /TO-T/Kiio npHBecTH k ycTaHOBJieHHio HyneBoro pciynbTaTa. O.TiiaKO b 
TieHCTBHTeJiBHOCTH HHTerpupoBaHHe (2.12) .naeT (sin (p = cos a, dx = rda/(cos 2 a )) 

+ 7T/2 

/' = — f sin s <p dx = — fcosarfr = —sinaf^” (2-13) 

2r J 2 J 2 Un ' 2 

-nil 


HJIH, B OKOHHaTeJIBHOM BH^e 


^cm||-ov, (2.14) 

T.e. aKCHantHan cocTaBJunoman TOKa CMemeHHJi /' CM | miHeiiHoro TOKa nepe3 nno- 
cxyio noBepxHOCTt .S'o = nr 2 , KOTopyio npom-rmiBacT .iBH/KymaHCH paBHOMepHO h 
npnMOJiHHeHHO lapH/Kcimaji hhtb, He paBHa Hynio h HanpaBneHa b tom >Ke Ha- 
npaBneHHH, hto h tok nepeHoca 7 n 3apn>Keiinoii hhth. Benii'nina aKcuantHOH 
cocTaBJunomeH TOKa CMemeHHJi /' CM || (2.14) flBHJKymeHCJi 3apjDKeHHOH hhth cob- 
na/iacT c bcjih'ihiioh TOKa nepeHoca 7 n BapHVKCimoii hhth, onpcncnncMoii co- 
rnacHO cjjopMantHOMy cooTHonieHHio 


7 


n 


dq 

dt 


a dx 
dt 


= CTV . 


(2.15) 


Hcxo,zjfl H3 paBeHCTBa 


I r.iull -At* 


(2.16) 


HeTpyaHO noKasaTB, hto 'icpci BHeniHioio nnocKyio riOBcpxnocTB S, oxBaTti- 
Baiomyio noBepxHOCTB So, cyMMapHtra tok CMemeHHJi 7" CM || paBeH 


i 1 cm|i - trv, 


(2.17) 


T.e. tok CMemeHHJi 7' CM || (2.14) ot miHeiiHoro TOKa nepeHoca 3 apjDKeHHon hhth 
nepe 3 noBcpxnocTB .S'o 3 aMtiKaeTcn parniBiM h npoTHBononovKiio nanpaBncniiBiM 
tokom CMemeHHJi 7" CM || (2.17) nepe 3 BHeniHioio noBepxHocTt S. 

HepaBeHCTBo Hynio cyMMapHoro TOKa cmciuciihsi I ' cu y (2.14) ncpci noBepx- 
HOCTB S OT .TBIIVKymcilCJI 3apjDKeHHOH HHTH MOJKeT OBITB neTKO yCTaHOBneHO, 
Boo6me-TO, h npocTtiMH paccy>KzieHHJiMH. Ecnn ot Ka>K,noro aneMeHTapHoro 
sap ana dq, = o dx, /iBH'/Kymciicsi sapji'/Kciinoii hhth ancMciiTapm.iH tok cmciuciihsi 
i 77' cm || nepe3 noBepxHOCTt So BtipajKaeTCJi 3aBHCHMOCTBio (2.12), cornacHO koto- 
poii 3neMeHTapHBiii tok CMemeHHJi dT CM ^ ocTaeTCJi BenHHHHoii nonoKHTentHoii 
Him nio6oro yrna (p b npejtenax ot ip = 0 ,no (p ± ti/2, to oneBiizmo, hto h cyMMa 
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Bcex aneMeHTapHBix tokob cMcmeniw ncpci noBcpxnocTB So ot Bcex sneMeH- 
TapHBix 3apH,30B a dx, 3apfl>KeHH0H hhth TaioKe oy.TCT BenHHHHOH nonoKHTenB- 
hoh, T.e. He paBHOH irymo. YcTanoBJicnnc tohhoto cootbctctbhh cyMMapHoro 
TOKa CMemefflHi /' CM || (2.14) ot flBH)KymeHCH 3apjDKeHHOH hhth nepe3 noBepx- 
hoctb So Toxy nepeHoca 7 n (2.15) ncpci 3Ty >Ke noricpxnocTb TOKajBiBacT co6oh, 
npcvK.TC Bcero, ohih6ohhoctb h3bcctiibix npc.TCTa bjichh il (2.4), (2.9) o tom, hto 
tokh CMcmeniw MoryT c y m c c tb o b a tb tojibko y necTaiiHonapiiBix tokob nepeHO- 
ca [2-4]. CornacHO (2.14), b npoTHBononoKHOCTB H3BecTHBiM npeacTaBJieHHJiM 
[2, 3], tok CMemeHHJi / CM j| (2.14) OKa3BiBaeTCJi He paBHtiM Hynio ,na>Ke y nocTO- 
jiHHoro TOKa nepeHoca/ n = ov = const (2.15). 

Ohih6ohhogtb H3BecTHBix npe.TCTaBJiennii o HeB03M0)KH0CTH cymecTBOBa- 
hhji tokob CMemeHHJi y cTamioiiapiiBix tokob nepeHoca /„ o6ycnoBneHa, npcvK.TC 
Bcero, (JiopMajiBHBiM no cBoeMy cymecTBy npe^cTaBneHneM o TOKe nepeHoca /„ 
(2.15) ziBH>KymeHca 3apjDKeHHOH hhth h oihh6ohhbim ^onymeHiieM yBJieKaeMO- 

CTH SJieKTpHHeCKOrO ITOjTfl BMeCTe C 3apJDKeHHOH HHTBK). OopMajIBHOCTB COOT- 

HouieHiui (2.15) 3aKnioHaeTca, npe>Kae Bcero, b tom, hto tok nepeHoca I n (2.15) 
He cyMMupyeTCJi c tokom CMemeHHJi /' CM || (2.14), KaK sto HMeeT Mecra nsin TOKa 
nepeHoca h tokob cMcmcnini o.Ti-mo'inoro /iBHVKyinerocH iapjna, necMOTpa Ha 
to, hto o6a TOKa /' CM || (2.14), /„ (2.15) npoHH3BiBaioT ozmy h Ty *e noBepxHOCTB 
So- KpoMe toto, (JjopMajiBHOCTB (2.15) npoJiBJUieTCJi eme b tom, hto b /ichctbh- 
TentHOCTH KaK b cnynae o.THiio'nioro iapji/ia, TaK h b cjiynae nunciinoro nocTO- 
jihhoto TOKa (2.15), noBepxHOCTB .S'o b paccMaTpHBaeMBiH momcht BpeMeHH mo- 
)KeT ncpceeKaTBCsi toubko o.tiihm oJicMciiTapiiBiM iapjnoM dq = a dx, TaK KaK Bee 
3JieMeHTapHBie iapa/iBi dq, 3ap?r/Kcnnoii hhth He MoryT o.THOBpcMCimo nepece- 
KaTB noBepxHOCTB St,. Jinx TOKa >Ke nepeHoca TiieMcnTapnoro iapa/ia dq ncpci 
noBepxHOCTB So (KaK sto 6bijio paccMOTpeHO BBirne b ne,HBmymeH raaBe) mo>kho 
3anncaTB 


dl 


n 


dqv _ ov dx 

3 r 3 r 

Z./ 0 X.f Q 


(2.18) 


pic n, - pa.Tiiyc iapsivKeniioii hhth. Htoobi yoc.Ti-iTBCJi b tom, hto tok nepeHoca 
nepe3 noBepxHOCTB So ot .TBiT/Kymciica iapHVKeimoii hhth onpc/iCJiflCTCfl BBipa- 
)KeHneM (2.18), a He (2.15), npeacTaBHM (2.13) b Bnzie cyMMBi 


n KJV . 3 , Uf . 3 , 

7 cm||=— sm 9i dx x + —sin cp 2 dx 2 +...+ 
Ir Ir 

CTV . 3 CTV . 3 

+ — sm 9,„ dx m + ... + — sm q>„ dx n . 

Ir Ir 


(2.19) 
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npc/inonaraa, hto noBepxnocTB .S'o b paccviaTp h Bac mbih momcht BpeMcim 
nepeceKaeTcn, HanpnMep, sneMeHTOM dx m , /pin KOToporo cne^yeT nonomiTB (p„, 
= 7i/2, to /pin oneMeHTapHoro TOKa dl '- m-vo nneHa cyMMBi (2.19) - mo>kho 
BanucaTB 


dl'm =< ^T dx n 
2 r 


( 2 . 20 ) 


TaK KaK caM TneMcnTapiiBiii japan dq m = o dx m aapsT/Kcnnoii hhth pa/myca 
r 0 nepeceKaeT toubko noBepxHOCTB 8S 0 = jtr 0 2 , con3MepnMyio c cenemieM hhth, 

a tok CMCincnna dI ' CM y ot ototo >Ke aneMCHTapnoro aapa/ia dq m ncpci BHeniHioio 
noBepxHocTt .S'o onpenenaeTca BBipavKcnHCM 


dI' CMm =dl' u -dl' m = 


avdx,„ avdx„ 


2 r 0 2 r 


( 2 . 21 ) 


to a jih TOKa nepeHoca oneMeHTapHoro 3apa,zja dq m 
ycTaHaBJiHBaeM 


dr n =dr m +dr CMm = 


<tv dx n 
2r n 


- o dx m 3apn>KeHHOH hhth 

( 2 . 22 ) 


hto 3KBHBaneHTHo TOKy nepeHoca o.THiKvnioro .TBH'/KymerocH aapana e pannyca 
ro 


dl 


n 


ev 



(2.23) 


'icpci noBcpxnocTB oS = 7ir 0 2 , coH3MepnMyio c pa3MepaMH 3apana. Cne/iOBa- 

TentHo, Rim pe3yni>THpyiomero sneMeHTapHoro raxa dl' m (2.20) nepe3 ceneHiie 
So mtokho eme 3anHcaTB 


dl' m =dl' a -dl' cam = 


^ ov dx m 2 


' ov dx m 

ov dx m 2 

ov dx m 

l 2r o J 

n 

v 2r 0 

2r J 

2 r 

CM 


■. (2.24) 


Bee ocTantHBie nnciiBi occkoiichiioh cyvivibi (2.19), /pia xorapBix iaBcnovio 
(p ^ jc/2, npeacTaBnnioT co6oil toubko sneMeHTapHBie tokh CMemeHiia dI' CM y ne- 
pe3 noBepxHOCTB So ot TncMciiTapiiBix nBH/Kyinuxca 3apa,TOB dq t = o dx h koto- 
pBie b paccMaTpiiBaeMBiH momcht BpeMeHH He nepeccKaioT noBepxHOCTB So. Tax 
Kax no aOcoJiioTHOMy 3HaneHHio nneH dl' m (2.20) b OecKOHeHHOH cyMMe (2.19) 
ZlOCTaTOHHO Man, TO C OOnBinoil nOCTOBCpilOCTBIO MO)KHO yTBCp'/K/iaTB, hto ncil- 
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CTBHTeJIBHBIM TOKOM 'ICpC3 CC'ICIIHC So, KOTOpOe nCpCCCKaCTCH ,TBHVKyiHCHCH 3a- 
pjDKeHHOH HHTBK), JIBJMeTCJI TOJIBKO OflHH TOK CMeipeHUJI dT CM y (2.14), (2.19). 
Tok nepeHoca dT n (2.18) 'icpci noBepxHOCTB S 0 ot .iBH/KymcMcfl aapHVKcnnoH 
HHTH y'lHTBIBaCTCSI TOUBKO O.TIIHM m -M HJIOHOM B OCCKOIIG'HIOH CyMMe (2.19), H 
hm mo>kho npocTo npcncopc'iB. OopMajiBiioc .TonymciiHc cymecTBOBaHHJi TOKa 
nepeHoca 7 n , onpe^enaeMoro cornacHo (2.15), KaK sto cne^yeT m paccMOTpeH- 
hoto, ocnoBBiBacTCfl Ha nonHOM iirHopupoBaHUH bo3mo>khocth cymecTBOBani-m 
TOKOB CMemeHH5I dl' CM II (2.11), (2.12) y flBH}KymHXC5I 3JieMeHTapHBIX 3ap>mOB 
dq, = a dXj 3apji)KeHHOH hhth (aHanorHHHBiH (J)opMajiH3M o6Hapy)KHBaeTC>i h npn 
paCCMOTpeHHH O.THIIO'IIIBIX .TBHVK'VIHHXCH iapfl.TOB). YcTaHOBJieHHe (J)OpMajIBHO- 
ro cooTHomeHH5i (2.15) OKa3BiBaeTCJi bo3mo>khbim 6naro^apji h3bocthbim b jih- 
TepaType [2,5,6] npc.iCTaBJiciiHHM o npon3BonBHOCTH Bbioopa noBepxHOCTH hh- 
TerpupoBaffloi npn onpeaeneHira TOKa nepeHoca .TBH'/Kyincroca japa/ia 'icpci 
3aMKHyTBiH KOHTyp h anpuopHBiM .TonymeiiHCM yBJieKaeMOCTH sneRTpimecKoro 
nojia. 

OnpezienHB BenHHHHy pe3ynBTHpyiomero TOKa CMemeHiM / CM || (2.14), (2.19) 
'icpci noBepxHOCTB S 0 = nr 2 , jjjisi iiaxovK.Tenna iiia'iciiHM nanpsivKcnnocTH Mar- 
hhthoto noiM 77 b TO'iKax b.iojib KOHTypa L 0 , orpanunuBaiomero noBepxHOCTB 
So, HCnOHB3yeTCa cjjyHKHHOHajIBHaj! 3aBHCHMOCTB 

H=--I' c M ||, (2.25) 

c r 


KOTopaa cnpaBe/iiiHBa h zpia tokob CMemeHiui dF CM y ot ozihhohhbix ^BiDKymiixcJi 
3apaaoB. IIoxiCTaBJijra (2.14) b (2.25), ycTaHaBJiHBaeM 


c r 


(2.26) 


OyHKHHOHanBHaa 33 bhchmoctb (2.25) nun TOKa CMemeHiM aHajioniHHa c 
H3BecTHOH (|)y nKHHOirajiBnoil 3aBHCHMOCTBio [2, 7, 8] /urn TOKa nepeHoca 7 n 

H ± =--I n , (2.27) 

c r 


KOTOpaa onpe,zjejnieT co6on H3BecTHoe b HayKe pa^najibHoe MarHHTHoe none H ± 
(KaK 6 bijio OTMeneHO b npe^Bmymen rnaBe). Ilo^CTaBJinn (2.15) b (2.27), Haxo- 


H ± = 


1 2 civ 
c r 


(2.28) 


H3 (|)OpMajIBHOH 3KBHBajieHTHOCTH (2.25), (2.27) H KOUHHeCTBeHHOTO COB- 
najieunn (2.26), (2.28) mo>kho 3aKJHOHHTB, hto onpeaenaeMoe nepe3 aKcnajiB- 
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Hyio cocTaBJiaiomyio tokob CMemeHini / CM || ^BiDKymencn 3apjDKeHHon hhth 
M amuTHoe none H (2.25), (2.26) npeacTaBnneT co6on oOtiHHoe pazjnantHoe 
MamuTHoe none Hj_, T.e. 


_J_2 _ 1 2ov 

1 cm|| 

c r c r 


(2.29) 


3. IIOBepXHOCTH HHTerpiipOBaHHfl AJIH TOKOB CMeipeHHH B cpe^e 
(j)H3HHecKoro BaKyyMa 

IlpoBe^eM nccne/ioBaHHe oGnacra cymecTBOBamiJi tokob cMememia /' CM || 
(2.14), /" CM || (2.17) ot npnMonnHenHoro TOKa nepeHoca /„ = ov. PaccMOTpiiM 
tokh CMemeHiM /' CM y, /' CM || nepe3 pa3HBie KOHneHTpimecKHe noBepxHocTn Si n S 2 
(pnc. 17). Jlflsi noBepxHOCTen Si n S 2 m (2.14), (2.17) HenocpeflCTBeHHO ycTa- 
HaBnnBaeM 


/'cm I = ov, /" CMl = -ov, (2.30) 

/' cm2 = OV, 7" cm2 = -ov, (2.31) 

To >Ke caMoe oy.TCT cnpaBC/inuBO n /pin mo6on npoH3BontHon nnocKoil no- 
BepxHOCTH S, KonnenTpH'inoil c noBepxHOCTJiMH Si n S 2 

/'cm|| = ov = -/" cm ||, (2.32) 

b tom nncne n Him KoniicnTpiviccKHx noBepxHOCTen S'i n S" 2 , naxonsnnuxca b 
oxjhoh nnocKOCTH (pnc. 17) 

/'cM| t (5',) = ov = -/" CM ||(S" 1 ), (2.33) 

/' C m||(S' 2 ) = ov = -/" cm ||(S" 2 ). (2.34) 

Grant CTpaHHoe nponBneHiie tokob CMememni /' CM | n /" CM || b 3HaHHTentHon 



Pnc. 17 
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Phc. 18 


Mepe oOycnoBneHo otjihhhcm npuponti tokob cmciuciihh ot tokob nepeHoca 
peantHBix sapa/ioB. Ilpn otjihhhom ot Hyjia 3HaneHnn iuiothocth tokob cMeipe- 
hhh /cm||,/'cm|| b jiioOoh TOHKe npocTpaHCTBa okojio /iBiDKymeiicH npjjMOJiHHeifflo 
3ap5DKOHHOH HHTH, H3MeHeHIie IlOBepXHOCTH HHTerpiipOBaffllJI S 

I'cm\\= J JcmII t/S = ctv = const, (2.35) 

SVconst 

Cii = J j cm| dS = -av = const (2-36) 

S^const 

He npHBO^HT k H3MeHeHHio KOHeHHoro pe3yjibTaTa, MOK^y TeM KaK jxim TOKa 
nepeHoca /„ npn Tex *e .nonymemnix HenpeptiBHoro pacnpezieneHini nnoTHOCTH 
TOKa nepeHoca j n npn S ± const HMeeM 

I n = j* j' n dS * const. (2.37) 

S* const 

Ha nepBBin B3raan MO)KeT noKa3aTtca, hto pe3ym>TaTi>i (30), (31), (33)—(36) 
JIBJIJHOTC5I 5IBHO aOCyp.THBIM H. npOTHBOpC'iaiUHM H i.TpaBOMV npenCTaBJICIlHIO H 
HenpuMeHHMBiMii k peajitHOMy hbjiciihio. OmiaKO, ecnn paccviOTpcTB nponecc 
CyMMHpOBaHHJI TOKOB CVfCIHCIIHH OT 'CrTCMCIITapilBIX iapH.TOB O tlx 7IBIT/KVHICHCfl 

2 2 

3ap^)KeHHOH hhth nepe3 HeH3MeHHBie noBepxHOCTH Si = nr x h S 2 = 7ir 2 , Ha- 
xo^amHxcfl Ha pa3HBix paccTOAHHJix ot 3apa^a e (pnc. 18), yHHTBiBan 3aMKHy- 
TblH XapaKTep 3THX TOKOB, TO MO)KHO 3aMeTHTB, HTO yBeJIHHeHHe noBepxHOCTH 
HHTerpHpoBaHH^ ot S i ro S 2 b nnocKOCTH, npoxo^ameM nepe3 Tonxy 7, Be^eT k 
yMeHBuieHHio pe3yjibTHpyiomero TOKa CMemeroni nepe3 paccMaTpHBaeMyio no- 
BepXHOCTb 


^cM||(Si)i>tf/' CM ||(S 2 )i, r^e S 2 > Si, 


(2.38) 
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TaK KaK nacTt jihhhh TOKa, ncpcccKaiomux cchciihc S 2 cneBa HanpaBO, nepece- 
KaeT ee noBTopHO cnpaBa irancBO. B to >Ke BpeMa KaK jj.ru cchciihh Sj h S 2 b toh- 
Ke 5 yBennneHne noBepxHOCTH HHTerpiipoBamni ot S 1 ,no 53 HecKontKO yBenn- 
Hi-macT pcaynBTupyioiru-m tok cmciuciiiw 

dr c 4 S t ) 5 < dr cM[l (S 2 ) 5 , rjje S 2 >S U (2.39) 

TaK KaK y b e jt n l in b ac tch KonnnecTBO jihhhh TOKa ncpci cchciihc S 2 . OnnaKO jjrsl 
ceneHiM b jho6oh tohkc 1-5 Bcer^a ocTaioTcn cnpaBexpiHBBiMH ycnoBiM paBeH- 
CTBa tokob /' CM || h /" cm ||, TaK hto mojkho 3anncaTB 

^/'cm||(5i)i = -<//" cm „(5'" 1 ) 1 , dr^S#! = -dr CMl (S" 2 )u 

., . (2.40) 

dr cm||(5i) 5 = —dl" 1)5, dr ci4 (S 2 )s = -dT' CMl iS" 2 ) 5 . 

H 3 (2.40) jxiin cyMMapHoro TOKa CMememra nepe3 noBepxHOCTH Si h S 2 He- 
nocpe^CTBeHHO ycTaHaBJiHBaeM 

^< m|| (5 1 ),=X<m ! |(^) ; , (2.41) 

i i 

X^cmII^)* = X^CM||(^),- • (2.42) 

i i 

C yneTOM (2.30), (2.31) jjrr (2.41), (2.42) OKa3BiBaeTcn cnpaBexiJiHBBiM 

/'cm||(5,) = -/" C m||(5" 1 ) = ov, (2.43) 

/'cm!|(5 2 ) = -/" cm ||(5" 2 ) = ov, (2.44) 

hto cooTBeTCTByeT (2.35), (2.36). C-TC/iOBaTCJiBno, ecnn yHHTtiBaTt MHKpo- 
CTpyKTypy tokob CMememw dI' CM y, dl " CM || ot OT^entHtix 3JieMeHTapHBix 3apnaoB 
a dx .TBHVKyinciiai sapHVKCimoH hhth, to iiia'icnnc TOKa CMcmcnna 'icpci no- 
BepxHOCTt 5 1 npn ee yBennneHnn oy.TCT, c o.tiioh ctopohbi, y\icin>maTBCsj ot 
Bcex aneMeHTapHtix sapa.TOB iapavKcnnoH hhth, iiaxonsnnnxca /locTaTO'ino 
6hh3ko k noBepxHOCTH 5), c jipyroii ctopohbi, oy.TCT y b cn h i i h b a t b c h ot Bcex 
sneMeHTapHBix japa.TOB hhth, naxonflinuxcH nocTaTOHiio /lajreKo ot noBepxHo- 
cth Si. Pe3yni>THpyiomee >Ke anaHcime TOKa cmcihciihh /' CM | ncpci moGyio no- 
BepxHocTB S, KoniiciiTpu'inyio noBepxHOCTH Si, oy/icT cTpeMiiTtcji k nocTOJiH- 
HOH BeJIHHHHe, paBHOH OV, HTO KaK pa3 H HMeeT MeCTO b (2.35), (2.36). 
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Bo Bcex paccMOTpeimwx Btirne cay'iaax noBcpxnocTB HiiTerpupoBaiinH S 
Bi>i6npanacB b BH^e rmocKoro Kpyra, nepneHxtHKyjiapHoro k HanpaBneHHio TOKa 
nepeHoca, nciiTp KOTopoil nn6o nepeccKancH jneMciiTapiiBiM aapa.aoM o dx TOKa 
nepeHoca, nn6o iTaxo/iuncsi Ha nponon/Kcimn npaMonuncHiioH TpaeKTopnn ,tbh- 
nceHim aacMciiTapnoro aapa.aa a dx TOKa nepeHoca (puc. 19), Tax hto cucTeMa 



OJieMeHTapHBiH japan - noBcpxnocTB i-mTerpupoBaima S Bccrna 0Ka3tiBanaci> 
HHJIHHZipHHeCKH CHMMeTpHHHOH OTHOCHTeUBHO TpaeKTOpHH .TBHVK'CIIHM ydpajl'd. 
Hcooxo.thmoctb nonoonoro b woopa noBepxHocTH HiiTcrpupoBanuji S, Boo6me- 
to, CTporo He oroBapiiBanact, nosTOMy npe.ncTaBnacT HHTepec HCcnenoBan. pa3- 
jiHHHtie cnynan pacnonoKeHiin noBepxHocTH S no OTHomeffliio k HanpaBneHHio 
XlBH>KeHH5i 3JieMeHTapHoro aapana TOKa nepeHoca. HanpuNicp, npe.nnono'/KHM. 
hto nnocKan noBcpxnocTB S’ b bhhc Kpyra pa.nnyca r' CMemeHa OTHOCHTentHO 
TpaeKTopnii .TBHVR'eiiHa iapapa TaK, KaK noKa3aHO Ha puc. 19. Ilpn 3 tom tok 
CMemeHiM nepe3 noBcpxnocTB S' 6y.ncT hmctb He paBHoe nymo iiiaHcnnc dI ' CM y d 
0, o.TiiaKo MarHHTHBie nonn b tohkbx A h B iic oy.nyT onpenenuTtcji BBipavKcnn- 
eM (2.25), T.e. 


1 2 dl' cf4 

(2.45) 

f ’ 

c r 

1 2< m|! 
f 

(2.46) 


Eonee Toro, Marni-mioe none H A b TOHKe A mo>kct obitb nailpcno, ecnn 6y- 
neT HaitneH tok CMemeHim t// c „n toubko nepe3 noBepxHOCTB Kpyra S A nmaMeT- 
poM AA'\ 
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1 2dI' CMll (S A ) 

c r x 
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(2.47) 


nciiTp KOToporo, orom> >Ke, iiaxo.THTca Ha TpaeKTopnn .inii'A'cnnyi lapnpa o dx 
TOKa nepeHoca. Ilocne onpencncni-m MarHHTHoro nonn H A b to'ikc A, cornacHo 
(2.47), Hcpci TO'iKy A mwkot 6bitb npoBepcno Occ'iHcncimoc KonunecTBO ok- 
py>KHOCTeH hjih 3aMKHyTBix KpiiBBix b nnocKOCTH noBepxHOCTH S A , opiiaKO Mar- 
HHTHoe none H A b TOHKe A 6ypeT nponopuHOHantHO TOKy CMemeHiin dI' CM y 
TOJIBKO 'ICpC3 nOBepXHOCTB Kpyra S A , IICIITp KOTOpOH nOKOHTCJI Ha npO.TO-T/R'CHHH 

TpaeKTopun .TBHVKenna paccMaTpHBaeMoro oneviciiTapnoro iapn/ia culx. AHano- 
thhho, MarHHTHoe none H B b tohkc B Mo>KeT 6bitb onpcncncno TontKo 'icpca 
tok CMemeHHn dI' CM y, npoHH3i>iBaiomero noBepxHOCTt Kpyra S B pHaMeTpoM BB\ 
ueHTp KOToporo TaioKe naxoniiTca Ha npononvKcnn h TpaeKTopun .tbh'/Kciihsi 3a- 
papa 


1 2 dI' CMll (S B ) 

h b - 

c r 2 


(2.48) 


Ecnn nnocKOCTt noBepxHOCTH HiiTcrpupoBannH S" HaicnoHeHa nop yrnoM k 
HanpaBneHHio pbh/Kciihh lapnpa (puc. 19), to pnn naxoncpcnna MarHHTHoro no- 
nn b TO'iKax C n D iicooxophmo onpcncni-iTB tokh CMcmcnun ’icpci napannent- 
Htie ppyr ppyry KOHueHTpunecKne noBepxHOCTH S c h S d , KOToptie nepneHpnKy- 
napiibi k HanpaBneHHio .tbh'/Kciihsi 3apnpa o dx TOKa nepeHoca, T.e. 


H 


1 2 dI’ CM AS c ) 


(2.49) 


1 2dI’ Mll (S D ) 

H D - 

c r D 


(2.50) 


TaKHM o6pa30M, H3 paccMOTpeHHtix npiiMepoB cncpycT, hto ycnoBiie co- 
oniopcnnsi cTporoii HHnHnnpH'iccKoii cuMMeTpuii npn paccMOTpeHHii aneKTpo- 
pHHaMHnecKHX nBneHHH ot pBiDKyiperocn aneMeHTapHoro 3apnpa adx nmi ot 
PBH'/K yinciicsi lapHVKCimoH hhth nBnneTcn oOHiaTcnbiio iicooxo.thmbim ycnoBH- 
eM, TaK KaK 3 to cBinano, o'icBHnno, c pcHCTBHTeni.no cymecTByiomeH nnm-mp- 
punecKOH CHMMeTpueH pacc m a t p hb ac mbi x nBneHHH h ncnoepencTBCimo CBn iaiio 
c (J)H3 hkoh npupopti paccMaTpHBaeMoro nBnefflin. 
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Oco6o cuc/iycT ocTanoBUTBCJi Ha BtinyKntix noBcpxnocTTX S B , omipaio- 
ihhxcji Ha KpyrjitiH KOHTyp L paxmyca r (puc. 20). B o6meM cnynae, kohghho, 



tok cMemeHHJi dI ' CM y nepe3 nnocKyio noBepxHocTt S, orpaHHHeHHyio KOHTypoM 
L, h Hcpc3 BtinyKJiyio rioBcpxnoc'TB S B , oniipaiomyioca Ha tot vkc KOHTyp L, oc- 
TacTCH 6e3 i-nMcneiinji h paBiiBivi 

dI' CM || (5) = dI' CMll (S B ) = ^ sin 2 cp cos cp, (2.51) 

2d 

Tax KaK KOJTHHeCTBO JIHHHH TOKa CMCIHCIIHH. npOHH3i>IBaiOmHX O.TIIOBpCMCIinO 
3TH nOBepXHOCTH, BCCPTa .TO.TATIO OCT3BaTBCH O.THIiaKOBBIM. O.TIiaKO, C (|)H3H'ie- 
ckoh tohkh 3peHHJi, bbc.tciihc TaKoro ooooineimsi He yrnyOiuieT HaniHX npc.T- 
CTaBJieHHH o Toxax CMCincnna KaK t3kobbix. Eonee toto, BBH.iy npoH3Boni>HOCTH 
BtiOopa BBinyKJioH noBepxHOCTH S B mo*ho npeziCTaBHTt, HanpHMep, BtinyKJiyio 
noBepxHOCTt (5s + S') b BHfle nonoro HHJiHHTpa, omipaiomerocji Ha KOHTyp L h 
iaKpBiToro c Tpyroii CTopoiiBi noBcpxnocTBio S' (puc. 20). B stom cnynae tok 
CMemeHHJi nepe3 Btinyicnyio noBepxHOCTt (S$ + S’) TaKJKe 6yneT paBeH raxy 
CMemeniui 'icpci nnocKyio noBepxnocTB S 

dr c 4S s + s’) = dr CMll (S), ( 2 . 52 ) 

O.TIiaKO, KaK but no H3 puc. 20, tok CMemeHHJi 'icpci BBinyKTyio noricpxnocTB (S 0 
+ S') paBeH Toxy CMemeHHJi 'icpci o.Tny noricpxnocTB S', T.e. 

dr mll (S 8 + S’) = dr cMll (S’), (2.53) 

Tax KaK cyMMapiiBiii tok CMcmcnnsi 'icpci OOKoriyio noBepxnocTB HHTun.Tpa S A 
paBeH Hymo: 


dI' CMl (S b ) = 0. 


(2.54) 
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CnepoBaTenbHO, paccMaTpiiBaa tok CMemeHHa ncpci Bbinyicnyio noBepx- 
hoctb (5s + S') c uentio onpepenefflia, HanpuMep, Hanpa>KeHHOCTH MamuTHoro 
nona H BponL KOHTypa L (hjih pna onpepenemia MarHHTopBHacymeii cnnbi b 
KOHType L), b n cii ctb HTenbnoc th npiixonuTcn hmctb pcno toubko c tokom cMe- 
mefflia dl' CM \\(S') ncpcj noBcpxnocTb S', KOTopaa oxBaTMBaeTca KOHTypoM L'. 
EcTeCTBeHHO, HTO TOK CMCmCIIHH dT CM \\(S') HCpCi nOBepXIIOCTb S' MO)KeT onpenc- 
jifiTb (npnHunn 6nH3KO,neHCTBHa) MarHHTHoe none H' TonbKO Bponb KOHTypa L', 
ho HHKaK He B.Tonb KOHTypa L. OopManbiibiii ace nepeHoc xapaKTepiicTHK 
MarHHTHoro nona c KOHTypa L' Ha KOHTyp L, BBi-my paBeHCTBa tokob CMemeHHa 
'icpci noBepxHOCTH S' h S, orpaninicimbix sthmh KOHTypaMH 

dI' C M\\(S') = dI' CM \\(S), (2.55) 

npiiBOfliiT, Koncino, k OKBUBanciiTiibiM KoniHiecTBCimbiM pciyubTaTciM 


12< m ,|(5') 

) = 


(2.56) 

c r 

ms>. '- 2d, '^ s \ 

(2.57) 

c r 


H(S') = H(S), r’ = r. 

(2.59) 


O.TIiaKO (|)H3H'ICCKOH OKBHBaneHTHOCTH MCVR'ny 3THMH nOnaMH IKS') H //(.S') OBITB 
He movkct. TaK KaK paccMaTpHBaioTca coBepmeHHO paaiibie, h npiiTOM npocrpaH- 
CTBeHHO paancncinibic npyr ot npyra ManiHTiibic nona. An anon-inn bill bbiboh b 
K aKon-To cTenemi npiiMemiM h nnn mo6on npyroii BbinyicnoH noBepxHOCTH S B , 
onupaiomeHca Ha KOHTyp L. IIosTOMy pan nocTOBcpnoro onucaHna tokob CMe- 
meHHa h MarHHTHoro nona Bponb KOHTypa L iicooxophmo h pocTaTO'iiio pac- 
CMaTpHBaTB tokh CMemeHHa dl' cm|| TonbKO nepe3 nnocKyio Kpyrnyio noBepx- 
HOCTB S, KOTOpyiO OXBaTBIBaCT KOHTyp L. 

BblBOPbl 

B saKnioHciiHc cncpycT oTMeTHTb, hto H3BecTHoe (jiopMajibiioc npcncTaB- 
neHne o TOKe nepeHoca 7 n (2.15) nniicHiibix tokob naxo.THT ce6e mnpoKoe npaK- 
th'icckoc npHMeHeHHe b paannwibix o6nacTax HayKH h tcxhhkh, xoTa, b pchct- 
BHTenbHOCTH, peanbHbiM tokom nniicHiioro TOKa iicooxophmo cn-iTaTb TonbKO 
aKcnanbHbiH tok CMemeHHa, TaK KaK hmchho aKcnanbHaa cocTaBnaiomaa tokob 
CM emeHHa HnnyimpycT b npoerpaHCTBe oKono nHiiciinoro TOKa nepeHoca H3- 
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Becraoe b Hayice pa^nantHoe (BeKTopHoe) MarHHTHoe none. LLInpoKoe ncnont- 
30BaHne (jjopMaiiBHoro npexicTaBjieHiM o TOKe nepeHoca b ajieKTpoziHHaMHKe 
o6ycnoBneHo, npoK.TC Bcero, TeM, hto nainioc npcTCTaBTeiine b iickotopbix 
cnynanx npiiBOTHT k TeM >Ke KomiHecTBeHHBiM pe3yin>TaTaM, KOToptie nonyna- 
iotch npn ncnoni>30BaHHH npe.TCTaBJiciiHii o peantHtix TOKax cmcihciihji. KpoMe 
toto, b npaKTHHCCKHX cnyHanx tok nepeHoca nerKO onpeTCJineTcn Kax Hivicpae- 
Man b onwTc ncnn'ii-nia. vioK.Ty TeM Kax tokh cmcihciihji He jibtjiiotcji bcjih'ih- 
h3mh, nenocpe.TCTBenno h3mcpjicmbimh b ontiTe, n /pin hx ycTanoBneiiHa Tpe6y- 
eTCJi npoBcneiiHC eooTBeTCTByioiHHX BBiHHcneHHH. Opnaxo 3to hh b Koen Mepe 
He oiiraHacT. hto tokh cMemeHHn o.thiio'iiibix aapjiTOB h tokh cmcihciihji jih- 
HeHHBIX TOKOB, C npaKTHHeCKOH TOHKH jpCHHJI. HMeiOT TOJIBKO BTOpOCTeneHHOe 
iiiaHciiHe. B ,t cii ctbhtct b ii o cth HMeHHO tokh cmcihciihji jibtjiiotcji peantHtiMH 
(J)H3HHeCKHMH TOK3MH, KOTOptie 06yCH0BJIHBai0T HHflyKHHK) M3THHTHBIX nOJieH 
b npocTpaHCTBe okojio TBHVKyinuxcJi iapjiTOB h tjtcmciitob tioooto TOKa. Yr- 
nyonciiHc Harnux npc.TCTHBTciiHii 06 hcthhhoh npupo.TC 3JieKTpiiHecKoro TOKa h 
HHZtyuHpyeMoro hm MarHiiTHoro noun HecoMHeHHO pacmupuT nepcneKTHBBi 
npaKTHHecKoro Hcnoni>30BaHHJi sthx nBJieHHH. Ecjih >Ke pent BecTH o <|)H3hkc 
nBnemin 3JieKTpoMarHeTH3Ma, to, KaK 6trao noKa3aHO Btiine, cjiopMajibHoe npen- 
cthbtciihc o TOKax nepeHoca KaK o.thiio'iiibix tbhvkvhihxcji iapn.TOB. TaK h jih- 
HeHHBIX TOKOB, IICOOXO.THMO npH3HaTB nOJIHOCTBK) HenpHeMJieMBIM, TaK KaK HC- 
nonB30BaHHe stoto npeTCTaBJieHHn npiiBOTiiT k rpy6oMy HCKa>KeHHio tymme- 
CKOH eymHOCTH JI BT CIIIIJT. 
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TjiaBa 3. Tokh CMemeHHH h aKciiajii.iioe (cKajiHpHoe) MarHHTHoe 
nojie flBHHcymerocn 3apnaa 

(1978 r.) 


1. Tokh cmoihohhh oaHHOHHoro aBHacymeroca 3 a pa.ia 
b cpeae (j)H3HHecKoro BaKyyMa 


KaK 6i>rao paccMOTpeHO b asyx npeatiaymux raaBax paSoTti, ann jiio6oh 
tohkh npocTpaHCTBa okojio aBiiacymerocH 3apaaa e bcktop nnoTHOCTH TOKa 
CMemeHHH j CM He MoaceT 6bitb nonoaceH paBHtiM Hynio 


• _ 1 3E 

Jcm 471 dt 


3.1) 


KpoMe Toro, 6 biho noKaiano, hto 'icpci nioGyio noBepxnocTB So b bhhc Kpyra c 
HeHTpoM Ha TpaeKTopiiH hbi-T/Kciihh iapapa e h nepnennHKynHpnoii k ero Ha- 
npaBneHiiio, tok CMemeHHH df CM y nepe3 noBepxHOCTt (So - 5So) 3aMBiKaeTCH 
paBHBiM h npoTHBononoacHO HanpaBneHHtiM eMy tokom CMemeHHH dI” CM y nepe3 
BHenraioK) noBepxnocTB So, oxBaTi.iBaiomyio noBepxnocTB So. H 3 CKa3aHHoro 
MoacHO caenaTt BtiBoa, hto tokh CMemeHHH b npocTpaHCTBe okoho aBiiacymero- 
ch iapapa HMeiOT coneHOHaantHtiH xapaKTep (puc. 21) h hto, b o6meM cnynae, 
BeKTop nnoTHocTii TOKa CMemeHHH j CM (3.1) b jik)6oh TOHKe npocTpaHCTBa HMeeT 
npoH3BOHBHoe HanpaBHeHiie, He coBnaaaiomee c HanpaBneHHeM aBiiacefflin 3 a- 
pnaa e ( 3 a HCKJHOHeHiieM nacTHoro cnynan ana nnocKOCTH S, nepeceKaiomeH 
japan e). CneaoBaTeni>HO, ana hk>6oh tohkh npocTpaHCTBa Bccrpa npeacTaBna- 
eTCH B03M0HCHBIM BeKTOp njIOTHOCTH TOKa CMemeHHH j CM (3.1) pa37IO'/KHTB Ha ,TBC 
cocTaBHHiomHe j CM || h j CMl , oaHa H3 KOToptix j CM || 6tina 6 bi napannentHa HanpaB- 
jieHHio asiDKeHiiH 3apnaa e, a apyran j CM± - nepneHaHKynapHa (cm. puc. 21) 
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Phc. 21 


Jcm Jcm|| Jcm_L* 

C yneTOM (3.1) Him (3.2) mo>kho 3amicaTb 

1 5E || 
JcM "“4^ir’ 

1 3E ± 


(3.2) 

(3.3) 

(3.4) 


ryie E|j h Ei - aKCHantHaa h paananbHaji cocTaBJunomne BeKTopa sjieKTpiiHecKO- 
ro nona E b tohkc iraonio/ieiiHsi. JSjia BeKTopa sjieKTpiiHecKoro nona E b tohkc 
Ha6nK),neHH5i cnpaBe,n:iHBa 3amicb 

E = E,| + E_l> (3.5) 

OCHOBHBie CBOHCTBa aKCHajIBHOH COCTaBJIHIOIUCH BeKTopa njIOTHOCTH TOKa 
CMemeHHH j CM || (3.3) .nocTaTOHHO noJiHO omicaHH b npexjbizmmHX jjByx raaBax 
pa6oTti. IloiiyHeHHBie >kc tohiibic coBna/ieimsi Koiic'nibix pe3yni>TaTOB Rim pa- 
TIHajitHoro MarHHTHoro nomi H± nepe3 aKcnajitHyio cocTaBJiaiomyio tokob 
CM emeHHH h nepe3 cjjopMajibHbra tok nepeHoca KaK .UBiDKymerocfl oxiHHOHHoro 
iapa/ia. Tax h jiuncMnoro TOKa, /lOKaaBiBaioT co6oil nonHyio TiocTOBcpnocTB omi- 
CailHfl H3BGCTHBIX SJieKTpOMarHHTHbIX CBOHCTB .TBH/KyiHHXCH iapSl.TOB TOJIBKO 
ncpci o.iny aKCHajiBHyio cocTaBJiHiomyio BCKTopa hjiothocth TOKa cmciuciihh 
j cmj_ (3.3). FIpn'icM, cnc/iycT otmcthtb. hto onucaHHe pa.THanBiioro MarHHTHoro 
noira // .TBi-i'/Kymuxca iapa.TOB 'icpci aKCHantHyio cocTaBJiHiomyio tokob CMe- 
meHHJi /' CM || noxiHHHjieTCji 6onee npneMneMOMy, c (J)H3HHecKOH tohkh 3peHiM, 
npnHunny 6nH3KO,neHCTBHJi, Me5Kjiy TeM KaK onucaHHe Toro >Ke pa/iHajibHoro 
MarHHTHoro noim // ncpci (|)op\ia.riBiiBiH tok nepeHoca /„ oainpycTca. KaK H3- 
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Becrao, Ha He c])hwicckom npmniHne /lajibno/ieiicTBiiH. B cboio o'icpc/ib, H3 
ZIOCTOBepHOCTH OmiCaHHJI H3BeCTHBIX 3JieKTpOM3nIHTIIBIX CBOHCTB .TBH/KyiHCrO- 

ca lapa/ia e tojibko 'icpci o.iny aKcnajibiiyio cocTaBJiaiomyio tokob cmciuciihh 
/' CM j|, HenocpezicTBeHHo cne/iyeT h npaBOMepHocTb ncnoiH>30BaHHJi npezpioaceH- 
Horo MeTO.ua jj.ru omicaHHJi KaK caMHX tokob CMemeHiin /' CM || .UBiDKymerocn 3a- 
pnjja e, TaK h nn/iymipycMbix huh Mann-mibix noacii H±. KpoMe toto, H3 npa- 
BOMepHocTH npiiMemiMocTH npe/pioaceHHoro MCTona onucaHHH aKcuajiBHOH 
COCTaBJUHOmeH / CM || TOKOB CMemeffllfl H HHZiyHHpyeMBIX HMH paZJHajIBHBIX Mar- 
HHTHbix noacii // nenocpc.TCTBcnno cac/iycT h bo3mo5khoctb npiiMcnenna yKa- 
3aHHoro MCTopa h jjrr onncaimfl pannaabnoii cocTaBafliomcii I CMl tokob CMeme- 
HHfl H Hn.TVHHpyCMblX HMH MaTHHTHBIX nOHeH. 

2. AKcnajibHoe (cKajiapHoe) MarHHTHoe nojie ^BHacymerocH iapa ia 

Pa^HajiBHaH cocTaBasnomafl tokob cmcihciihh / cm onpcncaacTca HiiTcrpn- 
poBaHHeM no noBepxHOCTH S pa^najibHOH cocTaBaHiomeii j CMj _ (3.4) BeKTopa 
njIOTHOCTH TOKa CMCIHCIIHH j CM COTJiaCHO 

7 CM± = . (3.6) 

s 

JSflR onpezieneHHH npoii3BoziHOH no BpeMeHH 5E Jdt b ypaBHemin (3.4) paccMOT- 
pHM pa/jHajibHyio cocTaBJunomyio E ± (3.5) BeKTopa aaeRTpimecKoro noun E b 
TOHKe N b BHzie (pnc. 22) 



Phc. 22 
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27 e ■ 3 

E ±=^I sm <P- 

r 


( 3 . 7 ) 


J\jul npupameHiM 3JieKTpHHecKoro noun dE L b tohkc N npn nepeMememiii 
3apaj(a e Ha OTpe3Ke nyra dx naxo.iHM 


dE L = -^-sin 3 (p coscp di p . 


( 3 . 8 ) 


PaccMaipiiBaji npupameHHe dE± ( 3 . 8 ) 3 a npoMe>KyTOK BpeMeHH dt, rjisl 
njioTHocTH Toica cMemeHHJi / cm1 b TOHKe N 6 y,neM HMeTB 


Jcm1 4n dt 

BpeMJi dt nail/icTCS! H 3 ycnoBiM 


1 dE ± Sesin’tpcoscpt/cp 


rue 


dx = 


4 ro'' dt 

dt = dx/v, 

r dip r'dip 
sirup sin 2 (p 


C yneTOM ( 10 ), ( 11 ), rjisl hjiothocth TOKa CMememin / CMl ( 3 . 9 ) noJiyniiM 

3 ev . 4 


J cm± =--;r sm (pcoscp. 

4n r 


hjih, npon 3 BOflH 3 aMeHy r' = / tg <p. 


3 ev 4 

- r cor ' 

4n / 3 


7cm± = — YT C0S ^ sin ^- 


( 3 . 9 ) 

( 3 . 10 ) 

( 3 . 11 ) 

( 3 . 12 ) 

( 3 . 13 ) 


OnpezienuM cyMMapHtra pa/jHantHBiH tok cMemeHini / CMl ot 3 JieMeHTapHo- 
ro laps/ia e ncpci nnjiHn.ipHHCCKyio noBepxHOCTB S pa/inyca r' h bbicotoh / 
(pnc. 22 ), ansi Hero 3 annmeM 

( 3 . 14 ) 

s 

IloiiaraH 

dS = 2nr' dx 


hjih, c yneTOM (3.11), 


( 3 . 15 ) 
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dS = 


2nr' d (.p 

simp 


h npoH3Boaa b (3.16) 3aMeHy r' = / tg <p, 

2nl 2 d (.p 


dS = - 


cos^tp 


H3 (3.13) h (3.17) Rim (3.14) ycTaHaBJiHBaeM 

n/2 

3 ev f 2 • , 

I CMl = 2 ~ J C0S (PSm(Pt/( P- 

9 

KHTerpiipoBamie (3.18) .BacT 


ev 


I cm±=-^j c os <p 


n/2 


ev t. 

= -COS (D. 

21 


(3.16) 


(3.17) 


(3.18) 


(3.19) 


y'lHTWBafl 11 H.T HII ,3 p H 'I CC Ky 10 CHMMOTpHIO pa^HaJItHBIX TOKOB CMCIUCIIHH 

7 cm j_ (3.19) OTHOCHTentHO HanpaBneHiM ^bidkghhm aneMeHTapHoro 3apazia e h 
T tonycKaa o,3nopo,3nocTi> BaKyyMHoro npocipaHCTBa, a TaK>Ke npHHHMan bo 
BHHM aHHe MarHHTHBie CBOHCTBa aKCHajIBHBIX TOKOB CMemeHHH / CM j|, AJIfL Mar- 
hhthoto noun // ot pa^HantHoro TOKa CMemeHim I CM± (3.19) bziojib KOHTypa L 
pa3iiyca r' mo>kho 3anHcaT3> 

H (3.20) 

c l 


IloziCTaHOBKa (3.19) b (3.20) .naeT 

H„ = — ^-cos 3 (p. 
" cl 2 * 


(3.21) 


npoii3BOZpi b (3.21) 3aMeHy / = rcos (p, OKOHHaTentHO zjira MarHHTHoro noun 7/j| 
3lBH)Kymeroca 3apjma e ot pa^najitHoro TOKa CMemeHiiu / CM± (3.19) 6y,neM hmotb 

H» = — -^-coscp. (3.22) 

c r 


H3 (JiyHKUHOHajIBHOH 33BHCHMOCTH (3.22) CJie,HyeT, HTO MaKCHMyM Hanpa- 
>KeHHOCTH MarHHTHoro noun H\\, b npoTHBonono)KHOCTB H3BecTHOMy paflHant- 
HOMy MarHHTHOMy norno H ± , ji0KanH3yeTca no HanpaBJieHHio ^bidkohhm 3apnaa 
H npOTHB, HTO npC.BCTaBJIHCT, OnHTB VKC, eCTOCTBOHHOe >',30 OCT BO OnpC3C.3I3TB 
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ZiaHHoe MarmiTHoe none H\\ KaK aKcnantHoe MarmiTHoe none ziBnncymerocn 
3apnj(a e. OnnaKo jsjih tohkh N ot aKcnantHon cocTaBjiniomcii /' CM || tokob cMe- 
meHHJi nBHVKymcrocH lapa/ia e HMeeM cine HepaBHoe Hynio pa/nianbiioc MarmiT- 
Hoe none II, onpencnacMoe cornacHO H3BecTHOH 3aBHCHMOCTH 

H l =—^t sincp. (3.23) 

c 

TaKHM o6pa30M, noMHMO H3BecTHoro pa/inanbiioro \ianiHTiioro nonn // 
(3.23), onpe^enneMoro nepe3 aKciiantHyio cocTaBnniomyio j' CM || (3.3) BeKTopa 
nnoTHocTH TOKa cMcinenna j CM , b npocTpaHCTBe oKono nriHVKymcrocJt tjicmcii- 
TapHoro aapuna e nn/iyiinpycTcsi eme He paBHoe Hynio aKcnantHoe vtaniHTnoc 
none H\ (3.22), onpe^enneMoe nepe3 pa^nantHyio cocTaBnniomyio j CM j_ (3.4) 
BeKTopa nnoTHocTH TOKa CMememni j CM ||. 

IlpoBe^eM nccne/ioBaHHe TOKa cMememni dI CM ± (3.19) ot oneMeHTapHoro 
TOKa nepeHoca dl n = o dx/dl. ripoK.TC Bcero otmcthm, hto pa/inajibiiafl cocTaB- 
naiomas TOKa cmciuciihsi 7 cmJ _ ot onevtcnTapnoro lapa/ia dq = a dx Hcpci nn- 

nnHapunecKyio noBepxHOCTb Si = S pajinyca r\ = r' n bbicotbi l\ = l (pnc. 22) 
paBHa no BennnnHe n npoTHBononomia no HanpaBneHino pa/inantHon cocTaB- 
nmomen TOKa CMemeHiin dI CM ± ot ototo *e oneMeHTapHoro 3apima dq = adx 
nepe3 noBepxHOCTb S 


I cM± l =- I cM±=~^jCos 3 <p. (3.24) 

Cnc/ionaTcnbiio, ecnn Ha npnMOH XX p acc m a t p h b a i ot c h nea oncMciiTapiibix 
3apnzia adx\ h adx 2 b TOHKax A h B (pnc. 22), to cyMMapHbra pa/jHantHbin tok 
CMcmeniHi ot sthx onexicnTapiibix japunors Hcpci niinininpHHecKyio noBepx- 
hoctb S = Inr'l MOK/iy sthmh oncMeiiTapiibiMH 3apnna\iH oy/icT paBeH, ohcbitt- 
ho, Hynio: 

dI CM ± = dI CMl _ + dI CM±i =0, (3.25) 

TaK KaK TOKH CMemeHHJI OT 3THX 3apH.TOB HCpC3 o6myiO noBepxHOCTb S paBHbl 
no BenHHHHe h npoTiiBonono)KHi>i no HanpaBneHino. AHanorHHHbiM o6pa30M 
mo>kho noKa3aTb, hto h /pin mo6oii npyroii napbi sapunoB. HanpiiMep, nocTaTOH- 
ho xpihhhoh npnMonHHeHHOH iapnvKcnnoii hiith, nBiivKymciicsi co CKopocTb v, 
cyMMapHBiii tok cMemeHiM dI CM± nepe3 npocTpaHCTBo NicvK'ny sthmh iapunaMH 
TaioKe paBeH Hynio. Ho b TaKOM cnynae, ecnn npocyMMiipoBaTb tokh CMcmcniw 
ot Bcex napiibix japa.ioB a dx„ o dx/, : nBiivKymciicji 3apn>Kcnnoii hhth, to nnn 
pe3ynbTnpyiomero paanantHoro TOKa CMemeHini / CMl ot aBioKymeiicn 3apjDKeH- 

HOH HIITH Iiaii.TCM 
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4cl = 0. (3.26) 

H 3 (3.26) nenocpc/icTBcimo cne/iyeT, hto am /mroKymeHca co CKopocTBio v 3a- 
paaceHHoil hhth aKcnantHoe MarHHTHoe none H\\ OKa3tiBaeTca paBHtiM Hynio 

//j, = 0. (3.27) 

TaKHM o6pa30M, aKcnantHoe MarHHTHoe none // (3.22), c()H3HHecKaa npn- 
pona KOToporo OGTaeTca nonnocTBio eme He acHOH, HiinynupycTCJi pannanbiiBi- 
MH TOKaMH CMemeHIlfl Icm± (3.19) TOntKO B npOCTpaHCTBe OKOnO OflHHOHHBIX 
HBH'/KymHxca iapsnoB nnn crycTKOB sapanoB, a Taicnce ncpcmiHM n ianiiHM koh- 
naMH OTpe3Ka /mHacymeHca iapHVKCimoH hhth. Tax KaK Ha npaKTHKe b naoopa- 
TopiiBix ycnoBiiax npuxo.THTOi hmctb ncno c ManmniBiMH nonaMH, b ochobhom, 
OT nHHeHHBIX TOKOB B BTICKTpH'ICCKHX HCn>TX, a npOUCCC HiMCpeilHM MaTHUTHOTO 
nona ot hbh'/Kvihhxch onuno'niBix sapanoB nnn crycTKOB sapanoB b npaKTinie- 
ckhx cnynaax BcciAia iaTpyrniHTcncn. to sthmh o 6 c to h t en i > c t b a mh. b KaKOH-TO 
CTeneHH, movkiio ootiHciihtb tot (jjaier, hto no nacTosnncro BpeMeHH cymecTBO- 
BaHHe aKcuantHoro MarHHTHoro nona (3.22) b (j)H3HKe He 6tino o6Hapy>KeHO. 
B 3HaHHTentHOH CTeneHH 3TOMy cnoco6cTBOBano h OTcyTCTBiie b (|)H3hkc o6me- 
<|)H3HHecKoro o6ocHOBaHna hcooxo/thmocth cymecTBOBamia y zmiiacymuxca 
iapH.TOB, noMHMO pa/mantHoro MarHHTHoro nona II , eme h aKcnantHoro Mar¬ 
HHTHoro nona H\\. 

VI o'A no /ronycTHTB. xoTa sto h He ohcbh.tiio, hto CBOHCTBa aKcnantHoro 
MarHHTHoro nona H\\, b KaKOH-TO CTeneHH, cxovkh co CBOHCTBaMH H3BecTHoro 
pa^nantHoro MarHHTHoro nona Hj_. B stom cnynae rjisl onpeaenemia HanpaBne- 
HHa BeKTopa aKcnantHoro MarHHTHoro nona H\\ b npoerpaHCTBe OKono xmiiacy- 
meroca 3apaaa e 3annnieM (3.23) b BH,ne (puc. 23) 

//|l=-^f^[ k 0 xr], (3.28) 

c if 

pic k 0 - eziHHHHHtiH BeKTop, coBna/iaioiHi-iii no HanpaBneHHio c BCKTopovi pa/m- 
antHoro TOKa CMemeHHa / cmJ _. H 3 (3.28) cne/iyeT, hto BeKTop aKcnantHoro Mar¬ 
HHTHoro nona H| bo BceM npoerpaHCTBe oxono /mroKymeroca iapana e aiiTuna- 
panneneH BeKTopy pa^nantHoro MarHHTHoro nona H ± , onpeaenaeMoro cornacHO 
ananorunnoH no Bimy 3aBHCHMOCTH 

u 1 2/ cm || 

Hj. =-r-[m 0 xr], 

c r x 


(3.29) 
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Phc. 23 


171c m 0 - eziHHHHHtiH BeKTop, coBna/iaioiru-iH no nanpaBueimio c BeKTopoM aKcn- 
anBHoro TOKa CMememia /' CM |j. OnHaKO, BBiiny Toro, hto no CBoen npnpone aKcn- 
ajitHoe H\\ n pa/tnajitHoe H± MaranTHBie nona hockojibko otjihhhbi npyr ot npy- 
ra, o obi hi roc cyMMnpoBaHne k BeKTopaM H n Hi OKaaBiBacTcsr iienpnMciin\TBiM 

H^H +H ± . (3.30) 

OopManBHaa cymHOCTB 3aBHCHMOCTH (3.28) naa aKcnajiBHoro MamuTHoro 
nona H|| KaK BeKTopHon bojihhhhbi npoaBJiaeTca, npc>K.ac Bcero, b tom, hto Ha- 
npaBnefflie ennHHHHoro BeKTopa k 0 , onpenenaromero HanpaBneHne pa^naiiBHoro 
TOKa cmciuciiiw I CMl b npocTpaHCTBe okojio h b it/K y i i i c r o c h aapana e, He cooTBeT- 
CTByeT ncTHHHOMy HanpaBJieHHio, no KorapoMy ncpcMcmacTor b paccMaTpn- 
BaeMBin MOMeHT BpeMemi .tbh'/Kviuhhcji aapa.T, KaK oto HMeeT MecTo, nanpuMcp. 
Aim paxjnajiBHoro MaraiiTHoro nona Hi (3.29). KpoMe toto, ecnn hcxo.thtb h 3 
nonymemia, hto pacxonarnneca pa/jnajiBHBie tokh CMemeHiia I CM i npaBoro no- 
nynpocTpaHCTBa (puc. 23), jioKajiH30BaHHoro Meacny napamienBHBiMH nirocKO- 
craMH S 0 n S i, nepneHflHKyjiapHBix k HanpaBJieHHio UBiDKemia 3apana e, HHny- 
nupyioT aKcnajiBHoe MaraiiTHoe none 

=-4[k 0 xr] (3.31) 

c r 

b TOHKax Ha OKpy>KHOCTH pannyca r\, HanpaBneHne KOToporo, no npaBiiJiy 6y- 
paBHHKa, npoTHBonono>KHO HanpaBJieHHio pa^najiBHoro MamnTHoro noira 

1 ev 

H l =- r [m 0 xr] 

c r i 


(3.32) 
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B TOHKaX Ha 3TOH )Ke OKpy)KHOCTH, IHIHV HHpyCMOrO aKCHajIBHBIM TOKOM CMCIHC- 
hhji / CM || nepe3 nnocKyio noBepxHocTB Si. To b jiobom nonynpocTpaHCTBe cxo- 

Zinmnecn paxjnanBHBie tokh CMemeHiM 7 cm1 , noKanH30BaHHBie Menyiy napan- 

jientHBiMH nnocKocraMH S 2 h S 0 , HH^yunpyioT aKcnanBHoe MarHHTHoe none 
H||^ b TOHKax Ha OKpy>KHOCTH pazinyca r 2 , Korapoe TaKnce npoTHBonononcHO 

pa^HajiBHOMy MarHHTHOMy norno ot aKcuantHoro TOKa CMememin I CM ± b 

TOHKax Ha 3 toh nee OKpy>KHOCTH pannyca r 2 . OnnaKO, ecnn b paccMOTpeHHOM 
cnynae hcxozihtb H3 o6meH3BecTHBix npencTaBncnHil o Toxax nepeHoca, to pac- 
xozpmiHecn pa^nantHtie tokh nepeHoca 7 nb ji0KajiH30BaHHBie Meatfly flByMn na- 
pannenBHBiMH nnocKHMii noBepxHOCTnMH Si h So (puc. 24), flonntHBi HHflyHiipo- 
BaTB npoTHBononovKno nanpaBJicniiBic NiariiHTiiBie noun H h H c 33MKHy- 

TBIMH KpyrOBBIMH CHJIOBBIMH JIHHHHMH C flByX CTOpOH OT napannenBHBIX njIOC- 
KOCTeil Si h So. CneflOBaTenBHO, ecnn flonycTHTB, hto paflnanBHBie tokh CMeme- 
Him I CM ± no CBOHM CBOHCTBaM 3KBHBajieHTHBI 06 BIHHBIM paflHanBHBIM T0K3M ne- 
peHoca 7 n[ , to b nnocKOCTH S (pnc. 24) HanpnnceHHOCTB aKCHanBHoro MarHHTHO- 
ro noun //,, Kasanocb 6 bi, flonntHa 6 bitb paBHa y/iBocimoMy iiiancm-no Hanpn- 
nceHHOCTH MarHHTHoro noun H (3.31), KOTopan HMeeT Mecra cnpaBa h cneBa ot 
nnocKHX noBcpxnocTCH S 2 h Si. Ho /laniiBiii bbibop npoTHBopeniiT ycianoBncir- 
HOH cjjyHKHHOHajIBHOH 33BHCHMOCTH (3.22) flJin HanpnnteHHOCTH aKCHajIBHOTO 
MarHHTHoro noun 77||, KOTopan flnn cnynan tp = 90° flaeT 

7/j| — 0. (3.33) 

TaKHM o6pa30M, HecMorpn Ha to, hto cyMMapiiBiil paflnanBHBra tok CMe- 
meHiin 7 cm± (3.19) nepe3 6 oKOByio minHHflpHHecKyio noBepxHOCTB Sgi paflnyca r x 
(pnc. 23), orpaHHHeHHOH OKpyntHOCTnMH Si h So, He paBeH Hynio, aKcuajiBHoe 
MarHHTHoe none H\\ ot stoto TOKa CMemeHHn, onpeflenneMoe BBipanceHHeM 



Phc. 34 
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(3.22), HHZtyunpyeTCJi toubko bzjohb ozihoh bhchihch OKpy>KHOCTH L h Menmy 
TeM KaK aKcnajitHoe MariiHTiioc none II \ b^ohb OKpyncHOCTH L 0 OKannBacTcn 
paBHBiM Hynio. B otom nponBnneTcn oco6chhoctb cneiiH(|)H'iccKHX cbohctb to- 
kob cMcmcima b otjthhhc ot hbbcctiibix cbohctb TOKa nepeHoca peajitHBix 3a- 
pnztOB. Mo>kho noKa3aTb, hto k aHanoniHHbiM BtiBO/iaM mo>kho npn/iTH n npn 
ananinc cbohctb aKcuanbiioro TOKa cmcihciihm. HanpuMep, HanpnnceHHOGTb pa- 
ZtnajiBHoro MarHHTHoro noun H± b tohkc Ha6nio,neHHn N, KaK 6 bijio ycTaHOBneHO 
b nepBOH raaBe III Hacra, onpcncnncTcn nonHMM tokom CMcmenun toubko ncpci 
TaKyio iiHjTHii.TpH'iecKyK) Tpy6Ky ccHeimcM S h c tohkoh N Ha ee noBepxHocTH, 
ocb KOTopofi b nannuii momcht BpeMeHH coBna/iacT c nanpaBJicniicM TpaeKTO- 
pilH ,TBH'/KCIIH>T japn/Ul e, BHe 33BHCHMOCTH OT BCJTHHHHbl TOKa CMCIHCIIHS1 HCpC3 
nio6yio zipyryio uniiHHZipHHecKyio Tpy6Ky (hjih Tpy6Ky npoH3BonbHOH cjiopMbi), 
noBcpxnocTB KOTopoii T3K)Ke ncpcccKacTcn c tohkoh N. B nacTHOM cnynae, ecnn 
TOHKa iTaonio/ieimn N naxoniiTcn Ha npoH3BonbHOM KOHType L’ (huh L") h cob- 
na/iacT c TpacKTopncii nBH/Kennn aapn/ia e (puc. 25), to, BHe 33 bhchmocth ot 



BeJIHHHHBI TOKOB CMemeHHn 7'^ , 7' M ||^ , npOHH3BIBaiOmHX KOHTypbl L' H L ", 

Hanpn>KeHHOCTb pa,zmani>Horo MarHHTHoro noun H± Ha noBepxHocTH Tpy6KH 
TOKa CMemeHHn b tohkc N 6yzieT paBHa Hynio. flpyrHMH cnoBaMH, HanpnnceH- 
hoctb paxinajiBHoro MarHHTHoro noun H± ua och 0-0, coBnajjaiomeH c HanpaB- 
neHHeM .TBHVKCiiHn lapnna e, npn paccMOTpenn h .TByx onunaKOBi.ix Kacaiomuxcn 
KOHTypoB L' h L" paBHa Hynio He orroro, hto nanpnvKcimocTH Mann-miBix no- 
nen b TOHKe N ot oziHHaKOBbix tokob CMemeHHn 7'^^ h 7' m ^ paBHti no Benn- 

HHHe h npoTHBonononcHbi no HanpaBneHHio, KaK 3 to MonceT 6 bitb npeziCTaBneHO 
Ha nepBBiii Birnn.i, a ottoto, hto pa/inajiBHBic vianiHTiiBie nonn II ot tokob 
CM emeHHn /' M ^ h 7' m || Ha och 0-0. Boo6me He HHZtyrmpyiOTcn. PaBeHCTBO Hy- 

nio nanpnvKcimocTH pa/inanbiioro MarHHTHoro nonn II b TOHKax, naxonnmuxcn 
Ha nponon’/KxniiH TpaeKTopnn aBuncemin aapnna e, iicnocpcncTBcimo cnc/iycT h 
H 3 H3BCCTHOH cjiyHKIIHOHanbHOH 33BHCHMOCTH (3.23), (3.29), (3.32). 
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CnenoBaTenBHO, mtoxho cnenaTB bbibo,h, hto ocb CHMMeTpiiH nunniinpuHC- 
ckoh Tpy6xn axcnanBHoro TOKa cmciiiciihh nrpaeT cymecTBeHHyio pout b onpe- 
neneHHH BemiHHHBi axcnanBHoro TOKa cMemeHHH I' CM y, TaK Kaic npencTaBnaeT 
co6oh ecTecTBeHHoe Hanano OTCiCTa j\j_ in onpenenemia cchciihh S 0 Tpy6xii TOKa 
CMememia / CM ||. 

AHanoniHHBiM o6pa30M, 11 axcnanBHoe MarHHTHoe none H\ \ B^onB KOHTypa 
L\, oxBaTtiBaiomero noBepxHOCTB S\ (pnc. 23), HHnymipyeMoe pannanBHBiM 
tokom cmciiiciihh 7 cmJj onpencnacTca Taxon 6oxoboh hhmhii.tph'icckoh noBepx- 
hoctwo 5§i = paivicpbi I\ Korapon OTcniTbiBaioTca ot nnocxocTH S, nepe- 

cexaeMon b 71 a hi run mo vie ht BpeMemi mbh'/Kvihhmch lapa.noM e. To cctb nnoc- 
koctb S nrpaeT pout ecTecTBeHHoro Hanana OTCHCTa b onpcncncnn h BenHHHHH 
pa/inanbnoro Toxa cmciiiciihh / CM nBHVxyinerocH onunoHiioro iaparia. B otom, 
oneBHZiHO, n npoaBnatoTca o6mne CBOHCTBa pan nabib 110 ro I CM ± n axcnanBHoro 
/' CM || TOXOB CMCIIICIIHH .TBH'/KV IHCTOCH 33pH,T3 H HX OnpCHCJICHIIOC OTJIHHHe OT 
cbohctb toxob nepeHoca peanBHBix iapsi.TOB. Ecnn HananoM otchct3 /pin axcn- 
anbHoro Toxa CMeu/emin /' CM || nBnneTCa ocb 0-0 (pnc. 23), coBnanaioman b naH- 
hbih MOMeHT BpeMemi c TpaexTopneH /IBH/XCIIHH japa/ia e, H Ha OCH 0-0 pa,TH- 
anBHoe MarHHTHoe none H± ot axcnanBHoro Toxa CMeu/emin /' CM || He HHnymipy- 
ctch, to, BBi-iny toto, hto HananoM OTCHeTa /pin pannanbiioro Toxa cmciiiciihh 
7 cm i hbmhctch nnocxocTB S, ncpcccKaioinaH b nainibin momciit BpeMemi .TBiivxy- 
miinca 3apa/i e, to mo>xho c/ienaTB bbibo/p hto h axcnanBHoe MarHHTHoe none H\ 
Ha nnocxocra S ot pannanBHoro Toxa CMeu/emia 7 CM± Taxnce He nonncHO HHnymi- 
poBaTBcn. Oopvianbiio paBeHCTBO Hynio nanpHvxcimocTH MarmiTHoro nona II Ha 
nnocxocra S ot pannanbiioro Toxa cmciiiciihh 7 cm1 (3.19) xax pa3 h OTpavxacTCH 
(JiyHxiiHOHanBHOH 3aBHCHMOCTBK> (3.22), xoTopaa npn ip = 90° eooTBeTCTByeT 
(3.33), T.e. 

77 |( =--^cos(p = 0. (3.34) 

c r 


3. 3HeprHH CKanapHoro MarHHTHoro nona h KHHeTHHecKaa 3Hepraa iapa ia 

TaxHM o6pa30M, ycTaHOBneHHBie BBime o6mne i|)H3hhcckhc CBOHCTBa axcu- 
anBHOH 7' cm± h pannanBHOH 7' CM || cocTaBnaiomeH Toxa CMeu/emia 7 CM HecxonBxo 
omHHaioTca ot H3BecTHBix cbohctb toxob nepeHoca peanBHBix lapa/ioB. Oran- 
Hiie 3to, xax 6buio otmchciio BBime, npoaBnacTca, npcvxnc Bcero, b tom, hto 
BenHHHHa cocTaBnatomux 7' CM || h I cm ± Toxa CMeu/emia 7 CM MonceT 6bitb onpenene- 
Ha TonBxo npn crporoM yncTC h hm h n n p h h c c k h - c h vi vi e Tp h h n o ii crpyxTypBi pac- 
npcncneiiHH toxob cmciiiciihh b npocrpaHCTBe oxono nBii'/xymcroca sapa/ia e. 
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HHnyunpyeMbie nee aKcnanbHOH /' CM || h pannanbHOH I CM ± cocTaBnniomHMH TOKa 
CMememin cooTBeTCTBeHHO pannanbHbie H ± h aKcnanbHbie MarHHTHbie nonn 
HenocpeziCTBeHHO CBaianbi c BHeuiHiiMii (no OTHomeHHio k ABHneymeMycn 3apn- 
ny e ) cooTBeTCTBeHHO nnjinH^punecKHMH n nnocKHMii noBcpxnocTaMH, orpaHH- 
HHBaiomiix tokh CMemefflin / CM || h 7 cmJ _. ripuneM pannanbHoe MamuTHoe none H ± 
onpenenaeTca nenocpencTBenno (no npinmnny onn 3 kohc ii ctbh a) Ha noBepxHO- 
cth nnjiHH^pnnecKon Tpy 6 KH, orpaHHHHBaiomeH aKcnantHBin tok CMemefflin 
/' c „ll, a aKcnantHoe MamuTHoe none H\\ onpenenaeTca HenocpencTBeHHO (no 
npHHnnny 6nH3KoneHCTBHn) Ha nnocKon noBepxHOCTH, orpaHHHHBaiomeH pann- 
ajiBHBin tok CMemeHiM / CM j_. Pacnpenenemie nee pannanbHoro H± n aKcnantHoro 
H MamuTHBix nonen b npocTpaHCTBe OKono nBiineymerocn co CKopocTtio v (v 
« c) 3apn.na e onpenenaeTca cjiyHKHHOHaHbHbiMH 3aBHCHMOCTnMH (3.23) n 
(3.22), npnneM MaKCHMyM HanpnneeHHOCTH pa^najitHoro MamuTHoro nonn H± 
noKanH3yeTCJi b HanpaBneHini, nepneHHHKynnpHOM k HanpaBneHino HBiineeHiin 
3apnna e, a MaKCHMyM HanpnneeHHOCTH aKcnantHoro MamuTHoro noun H\ jioKa- 
nuiycTca no HanpaBneHino n npoTHB nBunecima iapnna e. OnnaKO, necMOTpa Ha 
to, hto paxinantHoe H± h aKcnantHoe H MarHHTHbie nonn nBiineymerocn ohh- 
hohhoto 3apnna e onpenennioTcn ot aKcnanbHOH /' CM || 11 pannanbHOH I CM ± cocTaB- 
nniomcii o.nnoro h toto nee TOKa cMcmcnna 7 cm .nBiineymerocn iapa.na e, Heo 6 xo- 
Hhmoctb cyiHCCTBOBanun nonHoro TonenecTBa (|)H3 hhcckhx cbohctb sthx nonen 
H± n H\\ He nBnneTcn OHCBH.nnon. BnonHe nonycTHMO, hto Meneny p an nan b hum 
H± n aKcnantHbiM H\\ MamuTHBiMH nonnMH MoryT 6 bitb h npnHnHnnanbHbie 
OTniiniin (bbiiiic ynee o 6 pamanocb BHHMaHne Ha HeKOTopbie OTmiHiin) h Ha nep- 
bom 3Tane nenccooGpainec paccMaTpuBaTb sth non a KaK caMOCToaTenbiibic nB- 
nemia. OnnaKO npn oiichkc o 6 mnx nn e k t p o m a r n n t n bi x cbohctb nBH'/Kymnxca 
iapanon aKcnantHtie H h pannanbiibic II MarHHTHbie non a nonncnbi paccMaT- 
pnBaTbca TonbKO b Hepa3pbiBHOM ennncTBC. HanpiiMep, ocnoBbinaacb Ha o 6 mnx 
npencTanncnnax 06 sncprnn MarniiTiibix nonen, onpencmiM nncpnno pannanb- 
Horo Hj_ ii aKcnanbHoro // MarHHTHbix nonen, HHnymipyeMbix b npocTpaHCTBe 
OKono nBH'/Kymcroca co CKopocTbio v 3 a pan a e. HecvioTpa Ha nan hhhc onpene- 
neHHoro omiiHHa b <J)H3HHecKHX CBOHCTBax pannanbHoro H ± h aKcnanbHoro II 
MarHHTHbix nonen nnnvKymcroca iapa.na e, c nocToncpnocTbio movkiio yTBep- 
VKnaTb, hto Ha o6pa30BaHiie aKcnanbnoro MarHHTHoro nona // HBuneymerocn 
lap ana e, aHanoniHHO KaK h Ha o6pa30BaHHe pannanbHoro MarHHTHoro nona II , 
nonnena 6 biTb 3aTpaHeHa BnonHe onpenenennaa sneprna. KOTopan movkct 6bitb 
onpeneneHa cornacHO H3BecTHOH 3aBHCHMOCTH 

(3J5) 

V 
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IloacTaBJiM (3.22) b (3.35) h 3aMeH}M dV= 2nr 2 sin (p drd(p, nonyniiM 


W Hl 


e 2 v 2 r , f cos 2 ® sin (pd(p 

= ^\ dr \ -2- 

4 c J i r 

fa u 


1 e 2 v 2 

"7 2~ ’ 

6 r 0 c 


(3.36) 


ryie r 0 - pazinyc 3apima e. IIpiiMeHiiTeJitHO k 3 apnziy e OJieKTpoHa, /iBiDKymerocH 
CO CKOpOCTMO V, JSJIfL KOTOpOTO CnpaBe/piHBO paBeHCTBO 

m 0 c 2 = e 2 /r 0 , (3.37) 

H3 (3.36) nenocpc.iCTBCimo ycTanaBJiiiBacM 


W H =- 
H \\ 3 


WnV 


.2 A 


=-fF k , 
3 k 


(3.38) 


ryie Wk - KHHeTHHecKaa sHeprim «MexaHHHecKOH» Maccti w 0 sneiopoHa. C yne- 
tom 3Heprnn pazinanBHoro MarmiTHoro noun H± .UBiDKymerocJi co CKopocTtio v 
sneKTpoHa e 




= -Lf 

8 71 J 


HidV = — 


1 e 2 v 2 


r n c 


(3.39) 


KOTOpaa IiaXO.THTCa B H3BeCTHOM [ 1-5] COOTHOineHHH C KHIICTHHCCKOM SIlCprHCH 
Maccti w 0 3JieKTpoHa 


w H 


2 

3 


( m 0 v 


2 ■) 


2 


J 



(3.40) 


jsjia ikmihoh SHeprira MarHHTHBix noneii h H± ycTaHaBJiHBaeM totkacctbo 


W H =W H +W H =- 

ri n 2 


Vv 2 ^ 


V W j 


= ^ = W k . 
2 k 


(3.41) 


H 3 (3.41) cac/iycT. hto KHHCTHHecKyro ancprwo .iBH/Kyiricroca co cxopo- 

CTBK) V SJieKTpOHa e MO'/KIIO I'lIITCpnpCTI'ipOBaTB JIh6o KaK KHIICTH'ICCKyiO 3Hep- 

thk) «MexaHmecKOH» Maccti w 0 sneiopoHa 

Wk = m 0 v 2 /2, (3.42) 

JIh6o KaK KHHeTHHeCKyiO 3HeprHK) 3JieKTpOMarHHTHOH MaCCBI m 3 3JieKTpOHa 


m. 


( 3 . 43 ) 
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T.e. 


W H 


>"qV 2 

2 


(3.44) 


flo HacTOJimero BpeMeHH b (|)H3hkc He rsupaooTano oKOHnaTentHoro npcn- 
CTaBneHiM o npiipo/ic khiicthhcckoh 3iicprnn /i b h >k y 111 e r o c a iapn/ia aneicrpoHa. 

C OZIHOH CTOpOHBI, B (|)H3HKC HeT MOCTOBCpilBIX CBC/ICIIHH O TOM, HTO HMCIOiriafl- 
ca y oneKTpoHa «MexaHHHecKOH» Maccon /m 0 .neHCTBHTentHo nBJineTcii HHepTHOH 
Maccofi , KOTopaa o6ycnoBJiHBaeT co 6 oh HiicpnnoimBic CBOHCTBa .iBHVKyme- 
tocji 3apa/ia ajieKTpoHa. C /ipyroii CTopoiiBi, b (|)H3hkc HeT .TOCTOBcpiiBix cbc/ic- 
HHH 0 TOM, HTO HMeiOmaflCfl Y 3-HeKTpOHa «MeXaHHHeCKOH» MaCCOH m 0 JieHCTBH- 
TeJIBHO flBMHCTCH no npiipO/IC CBOeH rpaBHTaHHOHHOH MaCCOH »; rp (T.e. MaCCOH 
m o, HMeiomen SKBHBaneHTHyio rpaBHTaimoHHyio Maccy »; rp ). Elapa,noKcajiBHaji 
cHTyaunji c «MexaHHHecKOH MaccoH» eme 6onee oGocTpaeTca, ecnH npHHJiTB bo 
BHHM aHiie, hto cine b Hanajie XX BCKa b o6meM 6 bijio y*e H3BecTHo [5], hto b 
KHH eTHHecKOH sHepruii mbit/Kv merocsi aapana ancKTpoiia He yinTBiBacTcsi oiicp- 
thji co6cTBeHHoro MarHHTHoro non a aapnna. Eme paHee 6 turn hobcctiibi paooTBi 
[6-8 ], bbibo,hi>i KOToptix cTaBHT non coMHeHne MexaHHHecKyio npiipo/iy Maccti 
OJieKTpoHOB b crycTKax. KpoMe toto, hmciotch 3kc ncp hmci rrajitHtie pe3yntTaTti 
[9,11], KOToptie mo vKiio HHTepnpeTupoBaTB Kax npoTHBopc'iainnc MexaHHHe- 
CKOMy npcHCTaBncnnio o Macce /w ( , aneKTpoHa [11], C npyroil CTopoHti, b Ha- 
CTOJimee BpcvfH y>Ke He npencTaBnacTCH B03M0)KHtiM nrnopnpoBaTB cymecTBo- 
BaHHe xora 6ti H3BecTHoro pa/jHantHoro MarHHTHoro nona H± xmiDKymeroca 
iapn/ia h iipncyniHc eMy nnepnnonnBic h 3HepreTHHecKHe CBoilcTBa. nocne >kc 
npoBCMcnnoro bbiiiic oDocnoBanna bo3mo>khocth cyinecTBOBanna eme h aKCH- 
ajitHoro MarHHTHoro nona H y aBn*Ymeroca 3apjma h ycTaHOBnefflia cjiyHK- 
UHOHajIBHBIX 3aBHCHMOCTeH (3.38), (3.41), KOTOptie yaHBHTeUBHO TOHHO Tjonoil- 
HHJIH H3BeCTHBie npC.lCTaBJICIIHH 06 HIlCpiIHOnilBIX H 3HepreTHHeCKHX CBOHCTBaX 
pa/jHajiBHoro MarHHTHoro nona H±, to KHHeTHHecKaa SHepruji xmn>Kymeroc5i 
sncKTpona MO)KeT 6trrt HHTepnpeTHpoBaHa Tenept TOJitKO KaK KHHeTHHecKaa 
SHeprHH 3JieKTpoMarHHTHOH Maccti m 0 (3.43) aneKTpoHa e [11]. KaTeropHHHOCTt 
TaKoro 3aKJiK)HeHHJi o c 11 o b b i b a c tc h Ha OHCBH.nntix /K)BO/iax, hto .ibh/Kviiihitch co 
CKO pOCTBK) V SJieKTpOH 6 He MO)KeT HMCTB OTUIOfipCMCIIIlO H KHHeTHHeCKyiO 
3HepTHK> «MeXaHHHeCKOH» HHepHHOHHOH Maccti nio 3JieKTpOHa 

W k = m 0 v 2 / 2 (3.45) 

h KHHeTHHecKyio Biicprwo anc kt po m arnn t noii Hiicpnnoiiiioii Maccti m 3 nojiHoro 
MarHHTHoro nona H n (3.41) sneKTpoHa 

W Hn = myv 1 !2 = moV 2 /2. 


( 3 . 46 ) 
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H 3 flByx bhxiob SHepnni Wt (3.45) h W„ (3.46) xiBHncymerocn sneopoHa e 

m n 

aocTOBcpnoH mwkgt CHHTan.ca tojibko SHeprnn W H (3.46) nonHoro NfaniHT- 

Horo nona H n , Tax KaK nocTOBepnocTB cyinccTBOBaima y .TBH/Kymcroca sneK- 
TpoHa MarHHTHoro nona no,3TBcp>K,3Ciia MHoroHHcneHHtiMH 3KcnepiiMeHTaMH. 

H3BecTo, hto npn ycKopemin sneKrpoHa b sneRTpunecKOM none E c pa3Ho- 
ctbk) noTcniiHanoB U /to CKopocra v 3aTpa l ii'iBacTCH pa6oTa A = Ue TO/K,recT- 
BeHHO paBiiaa npnoOpeTaeMon rneKTponoM khiicthhcckoh rnepn-i h 

AsW = !*£. (3.47) 

2 

hjih, hto to ace caMoe, KaK 3Heprnio Wh (3.41) nonHoro MarHHTHoro nona H n 
ZIBHacymerocn sneKTpoHa 

W„ = —f H 2 n dV’ (3.48) 

H " 8 k\ 17 

(JiopMaiiBHO onpeaenneMoro cornacHO 3aBHCHMOCTH 

H n =pf + Hl. (3.49) 


C yneTOM (3.22), (3.23), /pin (3.48), (3.49) mo>kho 3anHcaTt 


H 


n 


1 ev 
c r 2 


(3.50) 


nonyHeHHBie 33 bhchmocth (3.48), (3.49) no/iTBepnc/iaeT c^enaHHtra paHee 
bbibo,h (3.30) o He BeKTopHoil npnpoae aKcuantHoro MarHHTHoro noun Hy O/i- 
HaKO, c apyroH CTopoHti, b BBipa>KeHHH (3.50) /pin HeKoero nonHoro MarHHTHoro 
nona nBH'/Kymcrocn sneRTpiinecKoro 3apa/ia, KaK oy/icT noKa3aHo HHnce, 3ano- 
nceH ziocTaTOHHO rnyOoKHH (J)H3HHecKHH CMtien. IlonHoe MarHHTHoe H n none no 
cBoen crpyKType npe/icTaBnneT co6oh aHanor oOBi'inoro c(|)cpH'iccKH ciiMMeT- 
piiHHoro sncKTpH'iccKoro nona E KynoHOBCKoro Tuna, ho c oopanibiM 3H3 kom 
h no BenHHHHe yMeHbmeHHoro Ha /piHaMHHecKHH K03(Ju|)HnHeHT v/c 

H n = —E ■ (3-51) 

c 

Bbipa)KeHHe (3.51) mc»kho HHTepnpeTHpoBaTb KaK .zje^opMaijHK) (H3MeHe- 
He) 3JieKTpHHecKoro nona 3apa^a npH ero £BH)KeHHH b cpe^e (f)H3HHecKoro 
BaKyyMa. 
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O.TIiaKO II CO OX 071H MO OTMCTHTb. HTO yCTailOBJICIIHC TO'/K.TCCTBa ( 3 . 41 ) OXa- 
iblBaCTCH B03M05KHBIM TOJIBXO TJIH T3KHX npOCTCHHIHX JJICMCIITapiIbIX HaCTHH e, 
X3XHMH HB7THI0TCH JJICKTpOIIbl H n03HTp0HM. J^JIfL BCeX ,Tp>THX 3JieMCHTapHBIX 
iapHVKcmibix 'iacTHH noaiiaa KwicTHHCCKaH 3Heprnn Wo .TBH'/KymciicH co cxopo- 
ctbk) v (v « c) nacTHUbi c iapn.TOM e po.TA'iia c K.aap bi b aTBC h m TByx sHeprrai 


W 0 = 


mv 


■ = W k +W H , 


(3.52) 


T.e. H3 KHIICTHHCCKOH 3IICprHH W k MCXailHHCCKOH MaCCbl HI ,TBH'/Ky HICHCH 33pH- 
}XeHHOH HaCTHHbl e H H3 KHIICTHHCCKOH SIlCpTHH W H 3-3C KTp O M a T11H T110H MaCCbl 

m 3 nonHoro MarmiTHoro noun TTBimxymerocn 3apn;ia e. npiiHiinmiajibHoe otjih- 
nne Menyiy SHepranMii W k h W h 3axjHOHaeTcn b tom, hto npn cyMMiipoBamin 
KHIICTH'ICCKOH SIlCpTHH HCCKOJIBKHX iapH/KCIIIIblX HaCTHH MaCCOH ffl H 33pH,TOM e, 
aBHncymiixcn, HanpiiMep, b crycTKe, KHiicTH'iccKaH sucprun «McxamiHCCKoii» 
MaCCbl 0K33BIBaCTCH CTpOTO JIHHeHHOH (|)VHKHHCH OT KOJIHHCCTBa H3CTHH B CTy- 
CTKe, MCVK.Ty TeM KaK KHIICTH'ICCKaH SIICprHH 3JieKTpOMarHHTHOH MaCCBI nOUHOTO 
MarmiTHoro noun H n iapH.TOB e b .tbh'/K\thcmch crycTKe He hbthctch thiichiioh 
(JiyHKUneH ot KOJiHHecTBa HacTim b crycTKe [6-8, 11]. 

TaKHM o6pa30M, c tohxh ipcmiH 3aK0Ha coxpanciiHH nonHOH khiicthhc- 
cxoh siicprHH TBHVKymcrocH iapH/ia 3-TCKTpona e, npcTCTaB-Tcimc o peantHOCTH 
cymecTBOBaHiM axcnajibHoro MarmiTHoro noun H\ (22) He BcrpenaeT 3aTpy;iHe- 
hhh. /(ance, 6 onee Toro, ymiTbiBan SHeprmo axcnajibHoro MarmiTHoro noun H\ h 
eooTBeTCTByiomHe HiicpiiHoinibic CBOHCTBa 3Toro noun, y/iacTCH ycTpamiTb 
HMeiomnecn Tpy.TiiocTH h npoTHBopemin b HHTepnpeTaiiHH HHepmioHHbix 
CBOHCTB OT/ICIIbllblX 3-TeKTpOIIOB H HHepilHOHHblX CBOHCTB CryCTKOB TJICKTpOIlOB 
h noJiymiTb hcjibhoc npc.TCTaB-Tciinc 06 oneKTpoviarn ht nbix cBOHCTBax .tbh'/KV- 
merocn 'iapn.Ta. 

/JocTOBepHOCTb cymecTBOBamin aKcnajibHoro MarmiTHoro noun H MonceT 
6 bitb o6ocHOBaHa eme h o6ihhmh paccyncaeminMii, ecnn hcxotthtb H3 (JiopMajiB- 
Horo npeacTaBJiemin o 7iec[)opMaiiHH BexTopa sjiexTpiiHecxoro noun ;iBH>xyme- 
rocn iapn.Ta [11], H3BecTH0, hto CTaTiinecxoe sjiexTpiiHecxoe none E noxonme- 
rocn 3apn.ua e oSna/jaeT aJiepiiHecxoii ciiMMeTpuen, Moxziy TeM xax sjiexTpiiHe- 
CKoe none E m .UBimxymerocn 3apn;ia e, c yneTOM 3ana3,ni>iBaiomHX noTeHiinanoB, 
oO-TapacT H3BecTHon hh.thii.tphhcckoh ciiMMeTpuen othochtcjibho ocn, coBna- 
.Taiomcii c HanpaBJiemieM .tbhvkciihh iapH/ia e. FIpii stom, movkiio .TonycTHTb, 
hto npn tbh'/Kciih H iapn.Ta e co CKopocTbio v pa.THa.TbiiaH cocTaBJinioman E 
BeKTopa 3JiexTpiiHecxoro noun E 

£j_"£sin<p (3.53) 

npeTepneBaeT ,TC(|)opMai[Hio Ha yron P, onpc.TC-THCMbiii H3 H3BecTHon 3aBiiciiM0- 
cth [12] Tinn yrna a6eppannoHHoro CMememm 
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sin P = v/c. 
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(3.54) 


C yneTOM (3.53), (3.54), pirn pe^opMiipoBaHHoro sjieKTpiiHecKoro nona E'± 
mo>kho 3amicaTB 


E' ± = Esin tp sin P = — E sin tp . (3.55) 

c 

TaK KaK jiiifi Hanp^DKGHHOCTH 3JieKTpnHecKoro noira E cnpaBepnHBa 3amicB 

E=e/r 2 , (3.56) 

TO RJIfL (3.55) IiaXO.THM 

c 1 ev . 

E±= -rSinip. (3.57) 

c r ~ 

H3 cpaBHemni (3.57) n (3.23) ycTaHaBUHBaeM, hto c npepcTaBJieHHeM o pe- 
(JiopMauHH papnanBHOH cocTaBiunomeH BeKTopa 3JieKTpHHecKoro nona E nerKO 
yrsfljUBacTCH H3BecTHoe npcpcTafiPcimc o cymecTBOBaHiin papnajiBHoro Mar- 
HiiTHoro noiw // y p b h>k y m c r o c iapapa e, T.e. 

1 £V 

H L =E' L = --sintp. (3.58) 

c r ~ 


Ho ponycicaji pecjjopMaiiHK) papnanBHOH cocTaBiunomeH E^ BeKTopa 3Jieic- 
TpimccKoro no.u E, mbi He MO)KeM, BBupy CHMMerprai tcopcthhcckhx nocTpoe- 
HHH, HTHOpUpOBaTB HajIHHHe T3K0H )Ke pe(|)OpMaHHH eipe H aKCHajIBHOH COCTaB- 
junomeH E\\ BeKTopa sneKTpHHecKoro nona E, piM KOTopoii mo>kho 3anncaTB 

£|i ?= £ cos <p. (3.59) 

TaKoe HTHopupoBaHne TeM 6onee HenpHeMJieMo, ecnH ynecTB, hto 3cj)cj)eK- 
tbi 3anai,TBiBaiiHH noTeHunajioB b nanpaBucni-iH pbh/Kciihh aapapa h npoTHB 
flBPJHOTCJI MaKCHMajIBHBIMH no BeJIHHHHe. AHajIOTHHHO (3.55), (3.57), 

npepcTaBJiM pecj^opMupoBaHHoe sneRTpunecKoe none E\\ aKciiajiBHOH 
cocTaBJiaiomeH £ (3.59) b Biipe 

1 €V 

E'« = £ cos (p sin P =--coscp (3.60) 

c r 2 

h cpaBHHBaji c (3.22), ycTaHaBUHBaeM, hto h c pecjjopMaHHen aKCHajiBHoii co- 
CTaBnaiomeH E BeKTopa sjieKTpHHecicoro nona E pBHiacymerocfl 3apjma e nerKO 
yBH3BiBaeTca npcpcTafiPcimc o cymecTBOBaHHH aKcnajiBHoro MarHHTHoro nojia 
H pBH'/Kymerocp aapapa. T.e. 
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1 PV 

//=£■'=-AYcostp. (3.61) 

c r~ 

Bmbo/im 

TaKHM o6pa30M, ncxozpt H3 hhcto (J)opMajn>HBix npezjCTaBneHHH o .necjtop- 
MauiiH 3JieKTpnHecKoro nona xiBH)Kymeroca 3ap>ma e, o6ycnoBneHHOH peantHtiM 
jtBJiemieM 3ana3,ni>iBaHH}i noTeminajia, yxtaeTca nerao npiwni k oGocHOBamno 
B03M0)KH0CTH CymeCTBOBailHSt y TIBIf/KV IHCrOCSt 3apH,33 e KpOMe pa/JHajIBHOrO 
MarHHTHoro nona Hj_ eme h aKcnajitHoro MarmiTHoro noira H\\. 

JlHTepaTypa 

1. cppemcejib 51.H. SjieKTpotuiHaMHKa. T. 1. - JI.-M.: OHTII, 1934 - C. 189. 

2. ToHHena M.A. Ochobw saeRTpoMareeTioMa h Teopnii OTHOCHTeabHOCTH. - M.: IIJI, 
1962.-C, 58, 86. 

3. IIlTpayc)) E.A. SjieKTpuuecTBO h MaraeTH3M. - M.-JL: TTJI, 1950. - C. 430, 499. 

4. LUyjieiiKHH M.E. SneierpoHebie naMnw. - M.: Phq-BO Ah CCCP, 1963.-C. 10. 

5. Ecjijiiocthh C.B. KnaccmecKaa sjieKTpoHHaa Teopna. - M.: Bbicmaa iHKOJia, 1971. - 
C. 115. 

6. Mxenqse T.H., UyjiHH B.II., Pafoep M.P., D,onn JI.3. // 7K3T0). - 1972. - T. 63, 
Bbin. 1(7).-C. 104. 

7. Paroep M./],. // 7KT0). - 1972. - T. XI Bbin. 8. - C, 1639. 

8. Eor^aHKeBHH JI.C., Pyxa^3e A.A. // Yen. c[>H3. HayK. - 1971. - T. 103, Bbin. 4. - C. 
609. 

9. Witteborn F.C., Fairbank W.M. // Phys. Rev. Lett. - 1967. - Vol. 19, No 18. - P. 
1049-1052. 

10. Witteborn F.C., Fairbank W.M. //Nature. - 1968. - Vol. 220, No 5166. -P. 436-440. 

11. HimojiaeB r.B., OicyjioB E.B. 06 HHepqiioHHbix CBoilcTBax saeierpoHOB. - /Jen. 
BHHHTH, per. JVs 4399-77. 

12. KyjiHKOB K.A. <J>yHqaMemujibHbie nocToaHHbie acTpoHOMirn. - 1956. 




TnaBa 4. 06ocHOBaHiie peantHOCTH cymccTBOBaniiH aKcnantHoro 
_ MarHHTHoro nona nBiiacvmeroca 3apana _ 345 


TjiaBa 4. OSocHOBamie peajibHocra cymecTBOBamisi aKCHajibHoro 
MarHHTHoro nojia aBHacymeroca 3apaaa 

(1978 r.) 


1. MarHHTHoe B3aHMoaeiicTBHe aBHacymaxca lapaaoB 

PaCCMOTpilM ,TBa .IBH'A'yinHXCH CO CKOpOCTflMH V| II V 2 OJieMeHTapHBIX 3apa- 

aa e\ h e 2 , HaxoaaniHxca b momcht BpeMemi t Ha paccTOUHiin R apyr ot apyra. 
EyaeM ciiithtb BCKTop R 12 HanpaBneHHbiM ot 3apaaa e\ k iapaay e 2 , a bcktop 
R 2 i - ot lapaaa e 2 k sapaay e\. npnacpvKiiBasicB oomcnpunsiToro npeacTaBne- 
ima. ocTaHOBiiMca noxa Ha aonymeHHii, hto B3aiiMoacHCTBHe Moray afiiivKy- 
miiMiica 3apaaaMH e\ h e 2 o6ycnoBneHO tojibko paanantHbiMH MarHHTHBiMii no- 
naMH H u h H ± 2 ot aKCHanBHOH cocTaBnaiomeH tokob CMememia /' CM || h I' cm ±. 
JSflu MarHHTHoro nona H ±l , co3aaBaeMoro nepBbiM 'i-rrcMCiiTapiiBiM aapaaoM e\ b 
M ecTe iiaxovK'aennsi BToporo e 2 , mo>kho ianiicaTB 

Hj_i - — [v t x Ej] = —— ^“t v i x R 12 ] . (4.1) 

c cRl 2 

CooTBeTCTBeHHO, CHna F 12 MarHHTHoro B3aiiMoacHCTBiia, n c n bi tb i b a c m a a 
BToptiM 3apaaoM e 2 co CTopoiiBi nepBoro e\, 6yaeT paBHa 

F i2 =— [v 2 xH ± i ] = -^-[v 2 x[v,xR, 2 ]]. (4.2) 

c c-R \ 2 

AHanorHHHbiM o6pa30M mo)kho ycTaHOBHTb Bbipa^ceHHe h jjjw chjibi F 2 i 
M arHHTHoro B3aHMO,ZjeHCTBHJI, HCnbITbIBaeMOH nepBbiM 3apfl£OM e\ CO CTOpOHbl 
BToporo ^2 

F 21 = “yS“[ V 1 X[V 2 XR 2ll]’ ( 4 - 3 ) 

c R\i 

rae F 2 i = - Fi 2 . OopMynti (4.2), (4.3) npeacTaBJiaioT co6oh nacTHbiH cnynaH 
cjiopMynbi JlopeHiia B3aiiMoacHCTBiia aBiDKymuxca 3apaaoB c MarHHTHbiM noneM 

F 12 =Ee + -[vxH], 

c 


(4.4) 
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PaccMOTpuM HecKOJitKO npocTeHimix cnynaeB npiiMeHiiMOCTH cjiopMynBi 
JlopeHua b Buzie (4.2), (4.3). Chubi KynoHOBCKoro B3aHMo;ieHCTBHJi Mexffy 
japa/iaxm e\ h e 2 He paccMaTpHBaeM. 

IlycTB iapa.Tbi e\ h e 2 .tbhvkvtcsi no npaMofl AB (puc. 26). B otom cnynae, 
coraacHO (4.2), (4.3), nan chubi MarHHTHoro B3aHMOXieHCTBHJi Me)K,ny 3apimaMH 
e\ h e 2 6y/ic\i hmctb 

Fi2 = 0, (4.5) 

F 21 = 0. (4.6) 

Ecjih >Ke ppa 3apn.ua e\ h e 2 ,HBH)KyTCJi napannenBHO Tax, hto pa/inyc-BeKTop 
R nepneHxiHKynjipeH BeKTopy CKopocTH Vi h v 2 (puc. 27), to ajul chubi MarHHT¬ 
Horo B3aHMO,neHCTBiM Moiety 3apimaMH €] h e 2 H3 (4.2), (4.3) ycTaHaBJiHBaeM 

F 12 =-y5-[v 2 x[vi xRi 2 ]] = -y5-{vi(v 2 ■R 12 )-R 12 (v 2 • Vj)}, (4.7) 
c R n c R n 


F 21 “ ' 2 n 3 
c~R 


Yi x [v 2 X R 2 i]] = V ( v 2 (Vl - R 2 l)- R 2 l(Vi • V 2 )}. (4.8) 


21 


r 2 R 3 
C K 2 i 


BBH^y opToroHanBHOCTH BeKTopoB Vi, R i 2 h v 2 , r 2 i, H3 (4.7), (4.8) cne^yeT 

e 2 e l 


Fl2 = 


f 21 =■ 


r 2 /? 3 
C A| 2 

<^2 
cl R\ 1 


■ R 12(V 2 ’Vj), 


R 2 l(Vl ' V 2 ) 


hjih, c yneTOM R [2 = — R 2 


Fi 2 —F 21 , 


(4.9) 

(4.10) 

(4.11) 


we 


k 


hto y^OBJieTBOpHeT npmnjmiy paBeHCTBa 
^encTBHa h npOTHBO^eMcTBHa, npHHeM HanpaB- 


! If 




Phc. 28 

Phc. 26 


• - 0 




- _ ao~ 


Phc. 27 
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neHiM neiicTBiia chji F 12 h F 2 i ne5KaT Ha ozjhoh npaMOH, nepecexaiomeH 3apa,nBi 
e\ h e 2 . O/maKo bo Bcex npynix cnyHaax npiinmin paBOHCTBa /ichctbhsi h npo- 
THBoaeHCTBiM b cjiopMynax (4.2), (4.3), b o6meM, He coGmonaeTca [1-6]. Ha- 
npHMep, ecnH HanpaBnefflia nBiDKemia nsyx 3apanoB e\ h e 2 napaiuienBHBi npyr 
npyry. ho pa/uiye-BCKTop R He ncpnennuKynapen k ckopocthm Vi h v 2 , to, He- 
CMOTpa Ha paBeHCTBO chu F 12 = F 21 , HanpaBnemia neilcTBHa sthx chu y>xe He 
ne>KaT Ha on noil npjiMOH. FIpn npoH3BoiiBHBix nanpaBJieimax .tbh/Kciihh iapanoB 
e\ h e 2 B npocTpaHCTBe chjibi neHCTBiia h npoTHBoneHCTBiia OKa3BiBaK)Tca y*e 
He paBHBiMH h no BenHHHHe. Oco6eHHo nama/mo HapymeHHe npnHunna paBeH- 
CTBa neHCTBHa h npoTHBoneHCTBiia HMeeT MecTo b tom ciiynae, ecnH HanpaBne- 
him .tbh'/Kciihsi japsnoB e\ h e 2 nepnennuKynsipiiBi npyr npyry h ne>KaT b oniioii 
njIOCKOCTH (puc. 28). 

B 3tom cnynae jjrsl chjibi Fi 2 , nencTByiomeH Ha nBH}KymHHca 3apan e 2 co 
CTopoHti iapa/ia e\, HMeeM 

Fl2=4^T V l( V 2- R 12)^°> ( 4 -12) 

C *12 

Me>Kny TeM KaK jj.ru chubi F 2[ , neiicTByiomeH Ha nBiiacymiiHca 3ap rjj e\ co cto- 
poHBi 3apfLjja e 2 , nojiynacM 

F 21 = 0. (4.13) 

HapymeHHe TpeTBero 3aKOHa MexaHHKH b aneKTpon hi ia mhkc H3BecTHO nafi¬ 
ll o [2, 5-11], OHIiaKO 3TOT yCTaHaBJIHBaeMBIH HHCTO TCOpCTHHCCKHMH MCTOnaMH 
(jiaKT mhothmh aBTopaMH [4, 6, 7, 12-14] He BoenpHHHMajica KaK HeicoTopoe 
cepBe3Hoe npoTiiBopcmc. cTaBsmicc non coMHemie BepHocTB hcxo/hibix koh- 
HcmiHH sncKTpoMan iht noil Teopirn. Bo3mo>khoctb napyineima TpeTBero saxoiia 
MexaHHKH B 3JieKTponHHaMHKe BOCnpHHHMajiaCB KaK IICHTO nOJDKHOe, KaK no- 
nycKaeMoe OTJiHHHe 3aKOHOB an c k t p o n h n a m in kh ot 3aKOHOB MexaHHKH, h orpa- 
HHHHBanHCB, b ochobhom, KoiicTaTaiincii no/ioonoro HapymeHiia. npn 3 tom b 
K anecTBe apryMeHTa npuBonnnca noBon, hto b cnynae 3aMKHyTBix nocToaHHBix 
h nepeMeHHBix tokob chubi rraHMo/iciicTBiisi \icvKny hhmh yace ynoBneTBopaioT 
npiiHiinny paBeHCTBa nencTBiia h npoTHBonencTBua [4, 7, 15, 16] h Bonpoc o 
HapymeHHH TpeTBero 3aKOHa MexaHHKH jjrsl onuno'iiiBix nBH'A'yinuxcsi aapa/iofi. 
b o6meM, TepacT ocrpoTy. /JpyriiMH cnoBaMH, b nacToamee Bpcvisi MOJiHanHBO 
nonycKacTca, 6e3 KaKHx-nnGo cepBe3HBix tcopcthhcckhx ooocnorsannii, hto jjrsl 
MarHHTHoro BiaiiMonciicTBiisi oniino'nifiix nBii'/Kyiruixca iapanoB BnonHe bo3- 
mo>kho peanBHoe HapymeHHe TpeTBero 3aKOHa MexaHHKH, to ecTB, hto Hapyme¬ 
HHe npiiHiinna paBeHCTBa nencTBiia h npoTHBonencTBua b sjieKTponnHaMHKe, 
bo3mo>kho, OTpa>KaeT peanBHBie CBOHCTBa MaTepim [14]. 
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B CBoe BpcMfl. Koncino. npeanpiiHiiManHct nominal ycTpaHeHiia npoTii- 
BOpCHHH MCVK.By 3aKOHaMH B3 HII NT 0,3 CIIC T BII3 .3BH'/KV IIIHXCSI O^HHOHHBIX lapfl.BOB II 
TpeTBHM 3aKOHOM MeXaffllKH II He BCe aBTOptl pa60T no 3-3CKTp0.1IIIIaMIIKC OTHO- 
chjihcb 6narocKnoHHO k bo3mo>khocth iiapyinciiiia npiiiimina paBeHCTBa ,aeiic3- 
bhh ii npoTiiBoaeiicTBiia [1, 3, 6, 9-11, 17]. HanpiiMep, ncxoaa H3 Tpe6oBaHiui 

BBinOJIHHMOCTH TpCTBCrO 3aKOHa MeXaHHKH B 3-3C KTp 0,3 H11 a MIIKC H HCOOXO.IIIMO- 
cth nonyniiTB 'ihc-BCIiiioc paBeHCTBO h npoTiiBononoKHon iianpaB.BeiiiiH B.30-3B 
o.i iio ii npsiMoii chji .iciictbhsi h npoTHBO.iciicTBiia 3JieMeHT0B TOKa [2, 5], eme 
AMnepoM b CBoe BpeMa 6ti.na npeanoiceHa SMmipimecKaa cjiopMyjia [7] 


F 12 =^- J^dli-RizX^-Rn) 
C 1*21 


(d\ x • d \ 2 ) rRi2 ? 


R 


12 


— (dl 2 -dl x ) R 


R 


21 • 


21 


(4.14) 

(4.15) 


lip mm Man bo BiiHMamic, hto ana tokob sncvtciiTapiiBix aapaaoB e x n to 
M05KH0 ianiicaTB 


dI\=e\V\, (4.16) 

dh = e 2 v 2 , (4.17) 

MamiiTHoe B3aHMoaencTBiie aneMeHTapmix 3apaaoB e x h e 2 , cornacHO (4.14), 
(4.15), mo>kho npeacTaBHTt b Bnae 

F 12 = 2n\ 77^ V 1 ’ Rl2^ V 2 ■ R 12 ) ~ 2(V] • v 2 ) 1 ri2 , (4.18) 

c 2 Rn K J 

F 2 i =-tS- 7^ (v 2 • R 2i)( v 1 -R 2 i)-2(v 2 • Vj) R 21 (4.19) 

C *21 J 

hjih, aHanoniHHO [14], 

F 12 =-t ^-[' , 2 x[Vl XR 12 ]]+?!, (4.20) 

c*i2 


rae 


F 21 = 


e l e 2 
2 „3 
c k 2\ 


y i x [y 2 x R 21 


]]+y 2 . 


(4.21) 
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MarHHTHoro noim nBiDKvmerocfl 3apflna _ 


( V 1 ' R 1 2 X V 2 ' R 12) _R 12( v 1 ' v 2) v l( v 2 ' ®-12 )j 

(v 2 -RjiXVi •R 2 l)- R 2l(''2 •Vi)-v 2 (v 1 -R 21 ) 


e 2 e l 1 

3 R 12 

C 2 R{2 1 

[ Rn 

e \ e 2 \ 

[3 R 2i 

c 2 R\ 1 1 

(N ^ 
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,(4.22) 

.(4.23) 


B3aHMO^encTBHe Meacay 3apjmaMH e\ h e 2 , coraacHO (4.20), (4.21), y>xe 
y/io bjt ctbo p hct TpcTi.cviy 3aKOHy MexaHHKH h, oojtcc Toro, npn oTBicKamm pe- 

3yHBTHpyiOmHX CHJI B3aHMO,HeHCTBH5I MOKfly 3aMKHyTBIMII JIHHeHHBIMH TOK3MH 

(JiopMynti (4.20), (4.21) npiiBoaflT k TeM >xe pe3yni>TaTaM, KOToptie MoryT 6bitb 
nonyneHti npn npiiMeHemin cjjopMyji JIopeHua (4.7), (4.8), Tax xax npn cyMMH- 
poBaHim no N aneMeHTaM ^onojiHUTentHtix hjichob cyMMti 


II 

o 

(4.24) 

N 

ZJ 1 * =0 

i=l 

(4.25) 


OHH OKaibIBaiOTCH TO'/K/ICCTBCIIIIO paBHBIMH irymo. OtIIIHKO HHCJieHHOe ilia'ICHHC 
CHU B3aHM02ICHCTBH3[ MC'/K^y OflHHOHHBIMH aBH>KymHMHCJI 3apjmaMH e\ H e 2 , 

coraacHO (4.18), (4.19), b HeKOToptix cnynaax OKa3tiBaeTCJi y>xe cymecTBeHHO 
otjihhhbim ot pe3ym>TaTOB (4.5), (4.6) h (4.9), (4.10). HanpiiMep, asm cnynaa, 
npeztCTaBneHHoro Ha puc. 26, cnna B3aHMoaeHCTBHJi Me5Kay 3ap>iaaMH e\ a e 2 
y>xe He paBHa nynio, a BBipavKacTca 3aBHCHMOCTBio 

F 12 = 2 3 * V 2) R 12 > (4-26) 

C 2 R 1 3 2 


F 2 i = 


^2 
c k 2\ 


(v 2 • Vj)R 2 i, 


HTO COOTBeTCTByeT 


f 12 —F 21 ^ 0. 


(4.27) 


(4.28) 


/J,Jia cnynaji >xe, npeacTaBJieHHoro Ha puc. 27, cnna B3aHMoaeHCTBHJi Me5Kay 
3apaziaMH e\ h e 2 oxaiBiBacTCH paBHoil 


F 12 =^ S ”( V 1 ' V 2 ) R 12 , 


c A R 


12 


(4.29) 
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F 2i =^?^( v 2 • VOR 21 , (4-30) 

c 2 R\x 

HTO B TIB a pa3a npCBBIIIiaCT 3IiaHCIIHC 3THX CHJI, OnpCTICJIHCMBIX (JjopMynaMH JIo- 

peHua (4.9), (4.10). CooTBeTCTBeHHO, /pin cnynaa, npeztCTaBJieHHoro Ha puc. 28, 
rjisl chjibi B3aHMO/ieHCTBHJi MOKTiy 3apimaMH e\ h e 2 cornacHO cjiopMynaM Aivme- 
pa (4.18), (4.19) nonynaeM 

F,2 = 0, (4.31) 

F 21 = 0, (4.32) 

hto, b oOipeM, y>Ke He cornaeyeTCJi c h3bccthbimh npcTicTaBJiciinsiM h o b33hmo- 
TieHCTBHH nepnen.THKynsipnBix tokob. 

H 3 (4.26), (4.27), (4.29)-(4.32) HenocpeacTBeHHO cne,nyeT, hto chubi B3an- 
MO/jeHCTBHJi Me>Kj(y flByMn flBHJKymHMHca 3apaaaMH Bcer/ja HanpaBJieHBi no 
onnoii npuMOH, paBHBi MOKpy co6oh h npoTHBonono>KHBi no HanpaBJieHHio. Oc- 
HOBHoe B03pa>KeHHe [14] npoTHB cjiopMynBi AMnepa (4.14), (4.15) cbozihuocb, b 
ochobhom, k TOMy, hto 3th cjiopMynBi b cnyHanx (4.26), (4.27) h (4.29), (4.30) 
TiaioT 3HaneHiM, OTJiHHHBie ot 3HaneHHH (4.5), (4.6) h (4.9), (4.10), onpeaenae- 
mbix cjiopMynoH JlopeHua (4.2), (4.3). H HecMOTpn Ha to, hto cjiopMyna AMnepa 
(4.14), (4.15) RJIfL MaTHHTHOTO B3aHMO,HeHCTBH5I 33MKHyTBIX TOKOB XiaeT Te )Ke 
pe3yjiBT3TBi, hto h cjiopMyna JlopeHua (4.2), (4.3) [4, 7, 14], a TaK>Ke ycTpaHJina 
rpy6oe HapyiueHiie 3-ro 3aKOHa MexaHHKH, cjiopMyna AMnepa Bee >Ke He Hanina 
ninpoKoro npHMeHeHHH. Me>Kuy cjiopMynaMH AMnepa (4.14), (4.15) h cjiopMyna- 
mh JlopeHua (4.2), (4.3) ecTB eipe ouho npuHiinnuajiBHoe OTJiHHHe. Ecjih cjiop- 
MyjiBi AMnepa (4.14), (4.15) 3anncaTB b Biiue 

Cry ^2^1 

F 12 =3 (v t v 2 cosaj cosa 2 )R 12 -2 ~ (v t v 2 cosa 3 )R 12 , (4.33) 

c 2 R]2 c-R^ 2 

Q-t Q 2 ^ 2 

F 21 =3——— (v 2 v, cosai cosa,)R 2 j -2 ——7—(v 2 v, cosa 3 )R n ,(4.34) 
C 2 RL c 2 R^j ' * 

rue ai - yron Me)Kny BeKTopaMH Vi n R 2 i, a 2 - yron Me)Kny BeKTopaMH v 2 n Ri 2 , 
a 3 - yron Me>Kny BeKTopaMH Vi n v 2 , to mo>kho 3aMeTHTB, hto chubi F i2 h F 2[ 
(4.33), (4.34) cocTaBJieHBi H3 usyx ueHTpajiBHBix chu F'i 2 h F"i 2 , T.e. 

F, 2 = F' 12 -F" 12 (4.35) 

HJIH, COOTBeTCTBeHHO, F '21 H F" 2] , T.e. 

F 2 i = F' 21 - F" 21 . (4.36) 
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ripH'ICM CHPBI F'i 2 H F' 2 i CTpCMHTCH paCTOJIKHyTB 3ap»PBI e\ H Ci Pp)T OT 
ppyra, a chjibi F"i 2 h F" 2i cTpeMUTCii npHTimyTB 3apjmti e\ h e 2 ppyr k ppyry. 
EcTecTBeHHO, hto pe3yni>THpyiomaa cnna B3aHMopeHCTBHJi F !2 hjih F 2[ Me>Kpy 
3apnpaMH e\ h e 2 , cornacHO (4.33), (4.34), TaK>Ke HBnueTcii ueHTpanBHOH chjioh. 
B cjjopMyne *e JIopeHua (4.2), (4.3) chubi B3aHMopeHCTBHJi MOK/iy 3apnpaMH e\ 
h e 2 , b o6meM cnynae, He hbpjiiotcji ueHTpajiBHBiMH h HanpaBJieHBi Bcerpa nep- 
ncnpiiKypppno k HanpaBnemuo .tbhvkciihsi paccMaTpHBaeMoro 3apnpa, KaK sto 
npepcTanpciio. iianpiixicp. Ha puc. 29. 

Chubi F 12 h F 21 mo>kho pa3no>KHTB Ha cocTaBJUHomne, napanneiiBHBie F 12 || h 
nepneHflHKyjrapHBie F !2x k p ap nycy -b ckto py R (puc. 30), npn stom paBHBie h 
npoTHBonopo>KHO HanpaBneHHBie ueHTpajiBHBie chubi F 12 || h F 21 || onpepenfliOT 
co6oh ciiny npiiTP'/Kcnnsi iapppon e\ h e 2 ppyr k ppyry, vicpcpy TeM KaK iicncii- 
TpaPBHBie chubi F 12± h F 21± o6pa3yiOT napy chji, CTpeMniuHxcji pa3BepHyTB chc- 
TeMy iapapoB e\ h e 2 otiiochtcpbiio hx o6mero nciiTpa chmmctphh. C opiroii 

CTOpOHBI, B03M0)KH0CTB CymeCTBOBaHHJI HeUeHTpajIBHBIX CHP PCHCTBHH MaTHHT- 
Horo nopn Ha pBiivKymniicsi sap up b nacTOHincc BpeMa, KaaapocB 6 bi, y>Ke HeB03- 
mo>kho no.PBcprnyTB comhchhio, xotji, c ppyroii ctopohbi, c TCopcTH'iccKoii 
TOHKH 3peHHJI, IICB03M0VKII0 pOnyCTHTB IiapyillCIlHP TpeTBerO 3aKOHa MeXaHHKH 
BO B3aHMOpeHCTBHHX .PBHVKyiriHXCH 3apjDKeHHBIX 'iaCTHII. TaK KaK 3TO B o6meM 
cpy'iac npiiBopiiT k HapymeHHio 3aKOHa coxpanenup pncpnin. 

TaKHM o6pa30M, CPcpycT otmcthtb, hto nccviOTpsi Ha onpcpcpcniibic poc- 
TOHHCTBa (jiopMypBi JIopeHua (4.2), (4.3), ncnoPB30BaHHe ee pun onpepeneHiui 
CHJIBI B3aHM0peilCTBHJI MOKpy PBIDKyiUHMHCJI 3apapaMH e t H e 2 npHBOPUT K pa3- 
hoto popa TpypnocTPM h npoTHBopcmsiM. Opiraxo BBiipy toto, hto (|)op\iypa 
JIopeHua npn onpcpepcimn chjibi b ian m opcil ctbhp pBHVKyiucrocfl aapppa c 
BHeniHHMH MaTHHTHBIMH nOPHM H B ilia'IHTCPBHO 60 PBUieH CTeneHII COOTBeTCT- 

ByeT 3KcnepnMeHTaPBHBiM HaSniopeHHJiM [7, 12, 13, 17-30], to 3Ta cjiopMyna 
Harnna pobopbho ninpoKoe h ycneniHoe npuMeHeHiie b pa3JiHHHBix oOnacrax 
TeopeTHHecKoii h 3KcnepnMeHTajiBHOH (])H3hkh. TeM He MeHee, BBiipy yKa3aH- 



Phc. 29 


Phc. 30 
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Hbix bmiiic nprnHH, npo6neMy MariiHTiioro B3aH\io/iciicTBiisi OTacaiaibix ,tbh- 
■/KymuxcH lapavKciiiibix 'iacTiin b coBpeMeHHon aa e kt p o a h n a mhkc Heni>3a cih- 
TaTB pa3pemeHHOH OKomiaTeabiio. 

CymecTBOBaHne pa/waaiaibix \ianmTiibix noaefi H ±l h // 2 b npocipaHCTBe 
OKOJio aBiDKymuxca 3apaaoB e\ h e 2 , HHaypupyeMbix aKcnaatHOH cocTaBJiaio- 
men tokob cMememia /' C m||i h /' C m||2, T.e. 


V - 

1 cmIII 


e i v i 

2 r, 


sin 3 (p, 


(4.37) 


r ~ 

1 cm||2 “ 


2 


-sin (p 2 - 


h onpeaeaaeMBix cjiyHKUHOHajibHbiMH 33BHcnMOCTaMH 


H ± i=- 


1 2 -^cm||1 1 Ci V, 

— sintpj, 


c r. 


c R- 


TT 1 2 ^cm ||2 1 e 2 v, . 

H ± 2 =-— = t^ Sm( P2. 


c r 2 


c R 2 


(4.38) 


(4.39) 

(4.40) 


npiiBoaiiT. Kax obiao paccMOTpeHO Bbimc, k boiiihkiiobciihio caaa MarHHTHoro 
B3anMoaieHCTBna Me5Kaiy 3apaaaMH e\ a e 2 , onpeaeaaeMbix coraacHO (4.2), (4.3) 
Kax 


Fj 2 = -[v 2 xHi|] = -TTh x[ Vl xRj], (4.41) 

c c-R 

F 21 =— [Vi x H ±2 ] = -^V[vi x[v 2 XR]]. (4.42) 

C C R 

Bnoaiic ecTecTBeHHo ,aonycTHTb. hto cymccTBOBaiiHc b npocTpaHCTBe oko- 
jio aBiiacymiixca 3apaaoB e\ h e 2 eme h aKcnantHtix MarHHTHtix noaen //p h H | 2 , 
HHZtyunpyeMBix paanaabHoil cocTaBamomeil tokob CMememia /' CM ±i h 7' cm x 2 , T.e. 

Cl =-^ 7 L cos 3 <p 1 , (4.43) 

7 cm ±2 =-^ 7 1 cos 3 (p 2 , (4.44) 

112 
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h onpeaenaeMBix, b o6meM, aHanorHHHBiMH cjjyHKUHOHanBHBiMH 3aBHCHMOCTaMH 
Bima 


H 


111 - 


1 2 Qi 

c /[ 


1 e l v l 

-—eoscpj, 

c R- 


(4.45) 


*l|2 


1 2/cm_L2 
C /2 


1 e 1 v 2 

—“9 cos(p 2 , 
C R 2 


(4.46) 


TaK5Ke ,TO-T/KIIO npHBeCTH K B03HHKH0BGHHK) BBaHMO/ICHCTBHa MC'/R'Tiy 3apa,Ta\-fH 
e\ h e 2 eme h nepe3 .naHHBie MarHHTHBie nona. Tax KaK, corjiacHO bbibo/job raia- 
bbi 3 .naHHOH paSoTBi, .naa aKciiajiBHBix MarmiTHBix nonefi H\\\ h H\\ 2 ABnacymux- 
ca co CKopocTaMH Vi h V 2 3apaz(OB ei h ea MoacHO 3anncaTB 




(4.47) 


^112 “ — ~t( V 2 ' R) > 


c R' 


(4.48) 


to CHJiy TtononHHTenBHoro MarHHTHoro B3anMO/icncTBna Meayiy 3apaziaMH e\ a 
e 2 nepe3 aKCHajiBHBie MarHHTHBie nona H\ \ h Hp MoacHO 3amicaTB b BH^e 


F *2 = ~( y 2 ' H ||1 ) = -^iyV 2 (v 1 x R), 
c c R 


(4.49) 


f 2 "i 


= ^(V, 


H 


|2 ) = ^& V l (V 2 XR) - 

c 2 R 3 


(4.50) 


ripcac/ic Bcero, cneziyeT oopaTHTB BHHMaHiie Ha tot (fmKT, hto b ot.tcjtbho- 
cth flononHHTenBHBie chjibi F"i 2 h F w 2 i (4.49), (4.50), b o6meM cnynae, Taicace He 
aBJiaioTca ueHTpajiBHBiMH. Hanpnvrep, b nacTHOM cnynae npn bb a n \t o /i c n c t b n h 
3apaaoB e\ h e 2 , flBHacymuxca napannenBHO (puc. 27), npn ycnoBHii (vi • R) = 0, 
(V 2 ■ R) = 0, cooTBeTCTBeHHo oyncvi hmctb 


F"i 2 = 0 , 

F"?i = 0 . 

/],jia cnynaa ace, npeacTaBJieHHoro Ha puc. 26, nojiynHM 


(4.51) 

(4.52) 


f ; 2 = 


e 2 e \ 

C 2 Rl2 


(v 2 • Vj)R 


12 ’ 


(4.53) 
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1 2 (V, -V 2 )R 21 , 

c 2 Rh 

(4.54) 

- 12 =_F" 21 ^0. 

(4.55) 


Onnaxo, ecnH pac'CMOTpcTb BianMo/iciicTBiic \ic>K,ay 3apa;ia\in e\ h e 2 , Ha- 
npiiMep, xpia cnynaa, npeacTaBJieHHoro Ha puc. 29, to HaxozpiM 


P* e 2 e l , x 

Fi2=^-y-(VjCOS(p 1 )v 2 , 


c z R 


F 21 =4tV(v 2 COS(P 1 )Vi, 

c 2 R 2 


(4.56) 

(4.57) 


hto cnna F"i 2 , npujiwKeHHa^i k 3apnay e 2 , HanpaBneHa no HanpaBJieHHio ziBH)Ke- 
him 3apima e 2 , a cnna F" 2 i, npHJio>KeHHan k 3apnziy ei, HanpaBneHa no HanpaBne- 
hhk> .tbhvkciihsi lapajia e\, n nanpaBucniin /iciicTBiia sthx cnn TaioKe He ne>KaT 
Ha oflHon npavion. HHTepecHo eme ouciihtb Bjanvio/iciicTBiic iapanoB e\ h e 2 , 
ZIBH}KyinHxca no/i npuMBiM yraoM zipyr k apyry b oxihoh nnocicocTH (puc. 28). 

J^JIfL CHJIBI B3aHMO^eHCTBHU Meatfly 3apflflaMH €\ H e 2 B 3TOM CnyHae, COTJiaCHO 

(4.49), (4.50), 6yneM HMeTt 

F"i 2 = 0, (4.58) 

F2i=^ry{vi(v2-R)}*0. (4.59) 

c R 

To ecTt, onaTB ace, Rax h b (4.12), (4.13), cnna fleiicTBHa Ha oflHH flBiiacy- 
HiHiica japan He paBHa nymo, Meatfly TeM Rax npyroii flBHacymHHCfl napa.n He 
HcntiTtiBaeT HHKaKoro BonflciicTBiia co CTopoHti nepBoro. Onnaxo H3 cpaBiicniia 
(4.12), (4.13) h (4.58), (4.59) oOpamaeT Ha ce6u BHHMaHne tot HHTepecHtiH 
cjiaKT, hto HHfleKcti npn cnnax Fj 2 ^ 0, F" 2 i ^ 0 h F 2[ = 0, F"i 2 = 0 oxa3BiBaioTCfl 
3epKajn>Ho oopaincniiBiMH. 3 to eooTBeTCTByeT TOMy, hto Ha flBuatymHHCfl japan 
e 2 fleiiCTByeT cnna F 12 ot paflHantHoro MarHHTHoro nona H u 


F 12=4J!H V l( V 2- R 12)}> (4.60) 

c R u 

Meatfly TeM Rax Ha 3apafl e\ fleiiCTByeT paBHaa h npoTHBononoatHO HanpaBneH- 
Haa cnna F" 2] ot aKcnajitHoro MarHHTHoro nona H^ 2 
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F 'n= J Pr{v l (v2-*n)}- ( 4 - 61 ) 

c 2 R\x 

Xotji HanpaBnemia neiicTBna cnn F 12 h F" 2 i He naxonaTca Ha npaMoii, 
cocnHiiaiomcii b pace m aTpnBac mbi ii momciit iapania e\ h e 2 , rpy6oe HapynieHHe 
npnHunna paBeHCTBa nencTBiia h npoTHBoneiicTBiia b naHHOM cnynae ynce He 
HMeeT MecTa. PaBHaa no BenHHHHe h npoTHBononoacHaa no HanpaBnemiio cnna 
neiicTBHa nepBoro iapana ei Ha BTopon iapan e 2 h peaKnna BToporo iapana e 2 Ha 
nepBBin e\ cymecTByeT h, b otom cMBicne, npnnnnn paBeHCTBa neiicTBna h npo- 
THBoaeHCTBH5i He napymacTca. FIonaTne ace ncnTpaniniocTH hjih HeueHTpajitHO- 
cth chu, b o6meM cnynae, CBaiano, b ochobhom, c nomTHUMH Bi a n m o n e ii c t b n a 
ncpci npocTpaHCTBO MCxaim'iecKHX Ten MCVK/iy co6oh, npnnc\i npoeipaHCTBy 
npn 3 tom OTBonnnacB ponB tojibko a6cTpaKTHOH BenHHHHBi, onpenenaiomeii 
paccTOJiHue vieacny pace m aTp hB ac mbimh McxannnccKnMH TenaMH h He co/icp- 
acameii b ce6e nn'icro (|)H3HHCCKoro. B n c ii ct b n Ten b n o c t n ace 'jjtcktphhcckhc 
nona, tokh CMemefflia, MarHHTHBie nona b npocTpaHCTBe OKono nmiacymeroca 
iapana npencTaBnaioT co6oii c|)H3hhcckh peanBHBie MaTepnantHtie o6pa30BaHna, 
H B3aHMOpC ii CT B H C 3apa,TOB B 3IICKTpO.THII3MHKC paCCMaTpHBaeTCa HCKJHOHH- 
TentHO toubko KaK b 3an mo nc ii c t b n c onnnx iapanoB c tjicktphhcckhmh h Mar- 
HHTHBIMH nOnaMH OT ,Tp>THX 3apa,TOB. a He npOCTO KaK BiaHMOpeiiCTBHC O.TIIHX 

iapanors c npyruvin aapanaviH. BnonHe ecTecTBeHHo, hto Mecra npiinoacemia 
chjibi /iciicTBua ot nona onnoro iapana cp k aapany e 2 oyncT coBna/iaTB c MecTOM 
naxoacnenna BToporo aapana e 2 , onnaKO nanpaBncnne neiicTBna nona iapana e\ 
Ha iapan e 2 He o6a3aTenBHo nonacno ccmnanaTB c npaMOH, cocnHiiaiomcii 06a 
b 3 a hm opcii ctb y 1 o 1 n h x iapana. TeM He MeHee, b nioSoM cnynae nciicTBiie Ha 3 a- 
pan e 2 nona aapana e\ Bccrna paBHo n p o t h b on c ii ct b n 1 o iapana e 2 nciicTByiome- 
My Ha Hero nonio. TaKHM o6pa30M, TpeTnii 33 koh MexaHHKH b an e k Tp o n h ii a m h k c 
(|x)p\iynnpycTca b 6onee o6meM Bi-ine, KaK paBeHCTBo neiicTBna h npoTHBoncii- 
cTBiia vicacny iapanovi h noneM, a He iapanovi h iapanovi. 

Bo3BpamaacB bhobb k (4.60), (4.61), ycTaHaBnHBaeM, hto eenn cnna F 12 , 

neiicTByiomaa Ha 3apan e 2 co ctopohbi nona H u (pnc. 28), HanpaBneHa npora- 
BononoacHO BeKTopy CKopocra Vi (npaBHno npaBoii pyKH), to cnna F" 2 i, neiicT- 
Byiomaa Ha 3apan e\ co ctopohbi nona H^, nonacHa 6 bitb HanpaBneHa no Ha¬ 
npaBneHHio BeKTopa CKopoeTH Vi. /],nn onpenenefflia HanpaBneHiia neiicTBna enn 
F"i 2 h F" 2 i b cnynae (4.56), (4.57), pa3noacHM cnnBi F 12 h F 21 Ha cocTaBnaio- 
mne, aHanorHHHO (4.7), (4.8), T.e. 


Fii = 


e^e 


2 C 1 


{vi(v 2 •R 12 )}--r5 r R 12 (v 2 -Vj), 


c 2 R^ 


c 2 Rl 


(4.62) 
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huh 



F 2 J i = 


Phc. 31 

^^{v 2 (v, •R 2 i)}--t^R 2 i(v 1 -v 2 ) (4.63) 

’ *21 C R 2\ 

Fi^F/^'-F^', (4.64) 

(4.65) 


PaBHbie no bcjihhhhc n npOTHBonojiomio HanpaBJieHHBie ijeHTpajiBHBie cn- 
jibi npHT^DKemra F^ n F^ (pnc. 31), ^encTByiomne no npHMon, coe,zjHHino- 
men 3apa^Bi e x n e 2 , no^HHHaiOTca npHHi^nny paBeHCTBa ^chctbhh n npOTHBO- 
^encTBna. Hei^eHTpajibHBie tkq chjibi pacTajiKHBaHHn F^ n F^ , HanpaBJieH¬ 
HBie no £BH>KeHHio 3apimoB 6\ n e 2 , o6pa3yiOT napy chji. npnneM, HanpaBJieHne 
^encTBna chjibi Fj 2 coBna/jaeT c HanpaBJieHneM Beicropa ckopocth \ 2 , a Ha- 

npaBJieHne ^encTBna chjibi F^j npOTHBonojiomio HanpaBJieHHio BeKTOpa cko- 

pOCTH V!. B CBOK) OHepe^B, Hei^eHTpaJIBHBie CHJIBI B3aHMO^eilCTBHa F" 12 H F " 2 1 
(4.56), (4.57) 3apa^OB e x h e 2 c aKcnajiBHBiMH MarHHTHBiMH nojinMH H\\\ h Hp 
TaK)Ke HanpaBJieHBi no HanpaBJieHHio £BH5KeHH5i 3apjmoB e x h e 2 



e^e 


C lR 12 


i-{v 2 (vi -Ri 2 )}, 


e,e 


l e 2 


c 2 4 


[(v 2 -R 2 i)} 


(4.66) 

(4.67) 


H, BBHJiy KOJIJIHHeapHOCTH BGKTOpOB V[ H V 2 , MOHCHO nOJIOHCHTB 
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F 11 - 
r 12 ~ 


e 2 e \ 


2 n3 


c z R 


{v 2 (vi -Ri 2 )} = 


12 


e 2 e l 


2 r> 3 


c z R 


{vi(v 2 -R 12 )|=F^ } ' 


12 


17II _ 
*21 _ 


e,e 


l c 2 


c 2 R\ x 


l( v 2 ’ R 21)} 


e,e 


l e 2 


3 

C a 21 


{v 2 (v, -R 21 )} = F 


r(-D' 
1 21 
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(4.68) 

(4.69) 


TaK KaK /pin cicajiJipHoro npoi-nBC/icnnsi BeKTopoB Vi h v 2 h R, BBi-i.iy paBeHCTBa 
(p 2 = 180° - <p!, cnpaBe/inuBa 3amicB 


V 2 K 


R, 2 ) 


7?,- 


= /v 2 V[ cos^ = -/v 2 v, cos^> 2 = - 


Vi(v 2 - R i 2 ) 

R„ 


(4.70) 


H 3 (4.70) HenocpeacTBeHHo cne,nyeT, hto /pin co6nio,neHiM npiiHipina pa- 

BGHCTBa 3CHCTBHH H npOTHBO.TCHCTBHH H 7IJIH yCTpailCUHSl HeUeHTpaUBHOCTH 

.UCHctbhh pe3yni>TnpyioineH chjibi, b o6meM cnynae, iicodxo.thmo nonoaciiTB, 
hto6bi HanpaBnemie .uchctbhh HeueHTpajiBHOH chubi F"i 2 h F" 2] H3 (4.56), (4.57) 
6bijio npuMO npoTHBonono>KHoe HanpaBneHHio .uchctbhji HeueHTpajiBHOH chubi 

B3aHM03CHCTBHH F^ H F,^ , T.e. pe3yJIBTHpyiOIUaH CHUa B3aHMO,UeHCTBHII 

F 0ii h F 0 | MOKuy UByMn UBiiJicymiiMHCii 3apn3aMH e\ h e 2 uoiDKHa onpeue- 

JIHTBCH (JiyHKUHOHajIBHOH 3aBHCHMOCTBIO BH/ja 


F 0l2 = F li + f J' 2 =-rrr{ v i( v 2 •Rl2) + ' r 2 (Vl -Ri 2 )-Ri 2 (V2 -V!)}, (4.71) 
C *12 

Fo 21 =F 2 J i +F|j = -^-{v 2 (v, •R 21 ) + v 1 (v 2 ■R 2 i)-R 2 i(v 1 -v 2 )}. (4.72) 
C R 21 

JSfla nacTHoro cJiyHan napannenBHoro ubhjkchiui 3apimoB e\ h e 2 co cicopo- 
ctmh Vi h v 2 , BBH^y paBeHCTB (4.68), (4.69), (4.70), nonynaeM 


o" 

tM 

e 2 e l 

r 2 /? 3 

c k I2 

{Ri 2 ( v 2 ' v ! )}, 

(4.73) 

F 

^2 

{ R 2l(Vl - V 2 )}. 

(4.74) 

*0 21 

r 2 R 3 
c a 21 


CpaBHHBan (4.73), (4.74) c (4.9), (4.10), mojkho 3aMeTHTB, hto 3anncB cjiop- 
Myji (4.73), (4.74) hbjmctc a 6onee o6meH no cpaBHeHino c 3anHCBio (4.9), (4.10), 
KOTopan ocTacToi cnpaBe/piHBOH toubko jsjia cniincTBcniioro cnynaa opraro- 
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HajiLHOCTH BGKTopoB v |. R 12 h v 2 , Ro]. BnonHe ecTecTBeHHO, 3anncB (|)op\iy 
(4.73), (4.74) zpia pe3ynBTiipyiomeH chjibi B 3 aHMO,neHCTBHa F 0 h F 0 napan- 

jientHO UBiiacymuxca 3apaflOB e\ h e 2 ocTacrca cnpaBezpiHBOH h zpia cnynaa op- 
TOrOHajIBHOCTH BeKTOpOB V | . R 12 H V 2 , R 2 1 . 

nocne ycTaHOBJiefflia nonHoro BBipaacemia zpia pe3ynBTHpyiomeH chubi 
Fq H Fq (4.71), (4.72) B3aHMO/ieHCTBH5I ZJByX npOH3BOJIBHO Z(BH}KyiHHXCa 

3apn.30B e, h e 2 npc/iCTaBJiacTca bo3mo>khoctb ouciihtb chubi BjaiiMO/ieiicTBiia 
3 Byx aBHacymiixca 3apaziOB e\ h e 2 , HanpiiMep, rjisl cnynaa, npencTaBJieHHoro Ha 
puc. 26, 3 : 1 a KOToporo mo>kho TenepB ianiicaTB 


F o„ = 


e 0 e 


2 C 1 


c 2 R* 


12 


'V, + 


e 0 e 


2 C 1 


c 2 * 3 


12 


V, - 


e 2 e 


2 C 1 


c 2 R 3 


V 2 Vi 


12 


R 


12 > 


(4.75) 


F o„ = 


e l e 2 

c 2 Rl, 


v 2 + 


<^2 

c 2 4 


v, - 


e l e 2 

c 2 R\ 1 


V,v 


1 v 2 


R 


21 


(4.76) 


huh b cKanapHOM BBipaaceHHH 


F o n - 


e 2 e 


2 C \ 


c 2 R 3 


- V 9 V 


2 F 1 ’ 


12 


(4.77) 




e l e 2 

r 2 R 2 
C K 2 \ 


-v,v 


r2> 


(4.78) 


HTO COOTBeTCTByeT 


= -F„ 


(4.79) 


TaKHM o6pa30M, b npoTHBonoJioacHOCTB bbibo/i a \T (4.26), (4.27) [14], .Tiina- 
MHHecKaa cnna BiaiiMopciicTBiisi (T.e. HeKynoHOBCKaa MarniiTnaa cnna b33hmo- 
ZicncTBiia) Mcac.iy iapaaaMii e\ h e 2 , ABHacymHMHca no o.3noil npaMoii b otuiom 
H anpaBJieHHH c npoH3BonBHBiMH CKopocraMH vj h v 2 , aBJiacrca He chjioh OTTan- 
KHBaHHH, a chuoh npHTaaceHHa. Cootbctctbchho, 3apa;u>i e\ h e 2 , TiBH'/Kyiruieca 
no oflHoii npaMoii HaBCTpeny npyr npyry, 6yayT HcnBiTBiBaTB, cornacHO (4.77), 
(78), ztonojiHHTenBHBie (noMHMO KynoHOBCKiix) niiHaMnnecKHe chubi orrajiKH- 
BaHiia. IIpHHeM .nononHHTenBHBie chubi npiiTaacemia h chubi OTTajiKHBamia 
ZlBHacymuxca no ozihoh npaMoii 3apaaoB e\ h e 2 paBHBi no bchhhhhc cnne Mar- 
HHTHoro B3aHM03CHCTBHa ziBiiacymuxca napannenBHO Ha TaKOM ace paccToaHim 
3 pyr ot npyra 3apaaoB e\ h e 2 , Kaic 3 to bhuho H3 cpaBHefflia (4.77), (4.78) c 
(4.73), (4.74) h c (4.9), (4.10). B o6meM cnynae, npn napannenBHOM UBiiaceffliH 
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3apaaoB e\ h e 2 RJix JiioSoro yraa <pi h <p 2 (puc. 30) cnna b33hmhoto npHTJDKefflM 
(npn TBHVKeHHH B OZJHOM HanpaBJieHHH) HUH OTTajIKHBaHHH (npil JJBHHCeHIIH B 
npoTHBononoHCHtix HanpaBneHiHix) onpeaenaeTCJi BBipancefflieM 


o" 

e 2 e l 

c 2 Ru 

{R 12 (v 2 -Vj)}, 

(4.80) 

F 

_ e x e 2 

{ R 2l(Vl -V 2 )}. 

(4.81) 

*o 21 

r 2 R 3 
c k 2\ 


H3 CpaBHeHHJI OKOHHaTeUBHO C(J)OpMyjIHpOBaHHi>IX cjiyHKHHOHajIBHBIX 33BH- 
CHMOCTeH (4.71), (4.72) C H3BCCTHBIMH 3aBHCHMOCTJIMH (4.2), (4.3) H (4.14), 
(4.15) movkho (pnenaTt bbibot, hto cjiyHKHHOHajiBHaji 3aBHCHMOCTB (4.71), (4.72), 
OTpavKaiomaa nojmoe MarHHTHoe b 3a hmotc il ctbhc TBHVKymHxcn lapn.TOB e\ h e 2 
Tpyr c zipyroM, 3aHHMaeT npoMevKyranHoe noJiovKeHiie MevK,ny cjjopMyjiaMH Jlo- 
peHua (4.2), (4.3) h (jiopMyjiaMH AMnepa (4.14), (4.15). C othoh ctopohbi, 

(4.71) , (4.72) npHBOZiHT k TeM nee KOJiHHecTBeHHBiM pe3yni>TaTaM, hto h (4.2), 
(4.3) b nairooncc nacTo BCTpe'iaionuixcH Bii.aax b 3 a hmotch ctb hh TBiivKyiruixcH 
3apHflOB C MarHHTHBIMH nOJMMH, C apyrOH CTOpOHBI, (4.71), (4.72) He npOTHBO- 
penuT npnHunny paBeHCTBa tchctbhh h npoTHBOTciicTBiiH. KaK sto HMeeT Mecra 
TJM (4.14), (4.15). KpoMe Toro, ecJiH c noMomBio (4.71), (4.72) paccMOTpeTB 
B3aHMOZieHCTBHe o.THno'inoro sap ana c jihhchhbim tokom, hjih 33MKHyTBix jih- 
HeiiHBix tokob MevKjiy co6oh, to, aHajioniHHO KaK h b cjiynae (4.14), (4.15), pe- 
3ynBTaTBi BiaHMopciicTBUH oynyT TovKTCCTBeimBi c (4.2), (4.3). O.TiiaKo, ecira b 
cjjopMyjie AMnepa (4.14), (4.15) bbcughbi «BcnoMoraTejiBHBie» BeKTopBi yi h y 2 
(4.22), (4.23), HHHieHHBie KaKoro-JinOo peanBHoro <|)H3HHecKoro coziepncaHna, to 
( j)H3HHecKaa peajiBHOCTB aKcuanBHBix MarHHTHBix noneil H\\ ot pazjnajiBHBix to¬ 
kob CMemeHHfl ABH'/KyUIHXCH 3apHZIOB H peajiBHOCTB CHJI B3aHMOZieHCTBHZ[ Me>KZiy 
iapn.TaMH H 3THMH HOTHMH He MOVKCT 6BITB nO.TBCpriiyTa COMHeHHIO, TaK KaK 3TH 
noira h chjibi HMeiOT BnoJiHe pocTaTO'nioc (|)H3 hhcckoc ooocnoBaniic. HoBH3Ha h 
TOCTOHHCTBO BHOBB yCTaHOBJieHHBIX (jjyHKHHOHajIBHBIX 33BHCHMOCTeH (4.71), 

(4.72) 3aKJHOHaeTCH b tom, hto b npaKTHHecKH TpyziHO H3MepneMBix cnynaax 
B3aHMOZieHCTBHJI OflHHOHHBIX 33pH.TOB HJIH CTyCTKOB ,Tp>T C Tp>TOM B HanpaBJie- 
HIIH HX .TBHVKCIIHH 3TH 3aBHCHMOCTH V C T311 3 B T H B 3 10 T B 3 a H M O.T C ll C T BIIH . OTJIHH- 
HBie ot Tex, KOTopBie CTCTOBaTo 6 bi ovKH.TaTB coraacHo H3BecTHBiM npe.TCTaB.ne- 
hhjim (4.2), (4.3), h npn 3 tom He HapymaioT npiiHunna paBeHCTBa TencTBHJi h 

npOTHBOTeHCTBHH. C yiCTOM KyjIOHOBCKHX CHJI nOTHOC B3aHMO.TCHCTBIIC TByX 
TBHHCymHXCH C npOH3BOJIBHBIMH CKOpOCTHMH V[ II V 2 BapH.TOB e\ H g 2 MOVKCT 
6bitb npc.TCTaBTciio TenepB b bii.tc 
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*12 =-yS- R i 2 +-yrr{' , i(v 2 •R 12 ) + v 2 (v 1 -R 12 )-R 12 (v 2 -Vj)} (4.82) 

c R { 2 c R n 

F 2i =-yr^ R 2i +-yr^{v 2 (v 1 •R 21 ) + v 1 (v 2 •R 2 i)-R 2 i(v 1 -v 2 )} (4.83) 
c R 2 \ c R 2 \ 

hjih, npHHHMaa bo BHHMamie (4.6), (4.7), 

F i° 2 = E 1 e 2 +%v 2 xH ±1 ] + -^-(v 2 -H ||1 ), (4.84) 

F 2 °i = E 2 ^i + ~[ V 1 x H 12 ] + ~(vi • H|| 2 ). ( 4 . 85 ) 

c c 

B 3aKJiioHeHHe cne^yeT OTMeTHTt, hto ycTaHOBJieHHaa Ha ocHOBe nocne^o- 
BaTeJIBHBIX (j)H3HHeCKH B3aHMOCBH3aHHbIX JIOTHHeCKHX nOCTpOeHHH HOBaa (J)yHK- 
I^HOHaJIBHaa 3aBHCHMOCTb JJJIJI CHJIbI MarHHTHOrO B3aHMO^eHCTBHa ^Byx npOH3- 
BOJibHO £BH>KymHxcfl 3apn,zjOB b nonHOH Mepe ycTparoieT Te TpyzjHOCTH h npora- 
BOpeHHfl B 3JieKTpO^HHaMHKe, KOTOpbie HMeiOT MeCTO npH HCn0JIb30BaHHH H3- 
BecTHbix (|>opMyji Jlopemja hjih AMnepa. npH otom cjie^yeT oco6o no,zjHepK- 

HyTb, HTO yCTaHOBJieHHe HOBOH cjiyHKIJHOHaJIbHOH 3aBHCHMOCTH 6bIJIO o6yCJIOB- 
jieHO BOBce He cneijHajibHO npe^npHH^TbiMH nonbiTKaMH ycTpaHHTb HMeiomnecfl 
npOTHBOpenna, a 6bijio nojiyneHO b ecTecTBeHHoii (JjyHKijHOHajibHOH B3aHMOCBii- 
3H, Hcxo^a H3 npe/jnocbuioK cymecTBOBaHHa tokob CMemeHHn b npocTpaHCTBe 
okojio ^BH^cymnxcH 3ap2£0B, oxzjejibHoro paccMOTpeHHn aKcnajibHOH h pa^H- 
aJIbHOH COCTaBJiaiOmHX BeKTOpa nJIOTHOCTH TOKa CMemeHHfl, yCTaHOBJieHHe 
(jiyHKIJHOHaJIbHOH 3aBHCHMOCTH Me)K£y aKCHaJIbHOH H pa^HaJIbHOH COCTaBJIHIO- 

ih,hmh tokob CMemeHHn h, cooTBeTCTBeHHO, pa^HajibHbiM h aKCHajibHbiM Mar- 
HHTHblMH nOJIUMH H, HaKOHeiJ,, yCTaHOBJieHHfl B3aHMO^eHCTBHH ^BH)KymHXCH 
3apa^OB c pa^najibHbiM h aKCHajibHbiM MarHHTHbiM nojieM. CymecTBOBaHHe ax- 
cnajibHoro (cKajnipHoro) MarHHTHoro nojin ,zjBH)Kymeroc5i 3apn,zja yzjHBHTejibHO 
xopouio Bnncajiocb b o6njyio KapTHHy e^HHoro MarHHTHoro nojin ^BH^cymeroca 
3apa^a, a B3aHMO^encTBHe ^BH^cymerocH 3apn,zja c aKCHajibHbiM MarHHTHbiM 
nojieM ^pyroro 3apima ABHJiocb TeM HeoGxo^HMbiM .zjonojiHemieM k H3BecTHbiM 
npe^CTaBJieHH^M O MarHHTHOM B3aHMO,ZjeHCTBHH ^BH^CymHXCH 3apa^OB, KOTOpOe 
no3BOJiHJio, HaKOHeu;, Jierxo ycTpaHHTb npOTHBOpeHHH c TpeTbHM 3axoHOM Me- 
XaHHKH B OJieKTpOJJHHBMHKe. npHHeM, eCJIH £BH)KeHH5I paCCMaTpHBaeMbIX 3apa- 
jjob nepneHjjHKyjiapHbi jjpyr /jpyry h Jie)KaT b ojjhoh hjiockocth, to B3aHMOjjeii- 
CTBHe ojjhoto 3apn,zja e\ c pajjnajibHbiM MarHHTHbiM nojieM H ±2 apyroro 3apajja 
OKa3aJIOCb B TOHHOCTH paBHbIM KaK no BeJIHHHHe, TaK H no HanpaBJieHHIO, 
B3aHMOjjeHCTBHio BTOporo 3apn,zja e 2 c aKCHajibHbiM MarHHTHbiM nojieM H\\i nep- 
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Boro iapana e t . h b stom cnynae toabko ahhib coBMecTHoe paccMOTpefflie abvx 
bhziob MarHHTHoro BBaHMO^ciicTBUH no3BonflCT ycTpaiiHTB rpy6oe HapymeHne 
npnHunna paBOHCTBa hchctbhm h npoTHBO/tCHCTBUfl. Bee sto CBi-i.TCTcnBCTByeT b 
nonr>3y Toro, hto aKcnajitHoe h pannanBHoe MarmiTHBie nonfl flBHflcymerocfl 
3apa.ua e npcncTaBAHioT co6oh Hepa3pr>iBHoe chhiictbo. h nonHoe npeacTaBne- 
HHe o npupone MarHHTHoro nonfl flBHflcymerocfl 3apfl.ua e MOflceT 6 bitb nonyneHO 
toabko npn yneTe nonHoro MarHHTHoro nonfl 3aprma. 


2. H3MeHHiomHeeH MarmiTHBie nojiH h hbaciiiic HHflyKijHH BiixpcBBix 
3JieKTpH*iecKHx nojieft 

H3BecTHo [7,10,12,13,19-21,23-27], hto H3MeHflK>mnecfl bo BpeMeHH Mar- 
HHTHbie nonfl H(() HH^yunpyioT b OKpyflcaiomeM npocTpaHCTBe BiixpeBBie sneK- 
TpunecKHe nonfl E B 3/]C unnyKHi-m E, b o6meM cny'iac onpenenflCMBie ypaBHe- 
HHflMH MaKCBenna b xiHc|)c[)epeHUHanBHOH 


„ 1 SH 

rot E b =- 

c dt 


nnn HHTerpanbHOH cjtopMe 


E=i)E B ^ = -— |*Ht/S = - 
dt J 


1 

c dt 


(4.86) 


(4.87) 



H 3 (4.87) cnc/iycT, hto 3.ZJC 

HIl/iyKIlHH E MO'/KCT 6BITB IiaH/IC- 

Ha toabko nnfl KaKoro-nn6o 
3aMKHyToro KOHTypa L npn H3- 
BeCTHOM iliaHCHH H H3MeHfleMOrO 
noTOKa d<£>/dt nepe3 noBepxHocTb 
S, oxBaTBiBacviyio nainiBivi koh- 
TypOM L. npH 3TOM, O.TIiaKO, o/i- 
H03H3HH0e BBipaflCCIlHC ,Tnfl 3Ha- 
neHHfl BuxpeBoro sneKTpuHecKo- 
ro nonfl E B b KaayiOH TOHKe 
b^oab KOHTypa L H3 (4.86), (4.87) 

nonyHHTb He yuaeTCfl. YpaBHeHHfl (4.86), (4.87) npeztCTaBAflioT onpe/teneHHoe 
yzto6cTBO jsjin omicaHiifl pe3ynBTHpyiomero 3(j)cj)eKTa, T.e. nonHOH 3/JC HHjjyK- 
HHH E OT BHXpCBBIX jnCKTpHHCCKHX nOAeil E b B 33/131II10 M 33MKHyTOM KOHType 
L, NicvK'ny TeM KaK /pin naxo/K/ienufl bcahhuiibi h HanpaBneHHA BeKTopa Birxpe- 
Boro sneKTpHHecKoro nonfl E B b Raac/joii TOHKe b/joab KOHTypa L ypaBHemiii 


Phc. 32 
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(4.86), (4.87) 0Ka3i>iBaeTCJi nc.TOCTaTO'ino. HanpiiMep, coraacHO H3BecTHOH hh- 
TepnpeTaunn [7,19] ypaBHeraia (4.87), ecnn HMeeTca 3aMKHyTBiH KOHTyp L (pile. 
32), KOTOptffl npOUHiblBaCTCH HjMCIiaCMBIM BO BpOMOHII MaTHHTHBIM nOTOKOM 
®(f), onpeaenaeMtiM coraacHO 

® = JlWS, (4.88) 

5 


TO BHe 33BHCHMOCTH OT TOTO, HMdOTCa Jill H3M CUBCM BIC He paBHBIC HyjIIO MaT- 
HHTHtie non a BHe KOHTypa L, .TonycKacTca, hto bo Bcex TO'iKax b.totb KOHTypa L 
TieHCTByeT HepaBHoe nymo BuxpeBoe aneRTpunecKoe none E B , h npn ooxo.tc 
B cero KOHTypa L unnynupycTca cyvfMapnaa 3JS,C E, paBHaa 

E = j)E B t/l. (4.89) 

L 


ApyrHMH cnoBaMH, ecnH KOHTyp L TOHKaMH 1-5 pa36nT Ha 5 OTpe3KOB (puc. 
33), to ana cyMMapHoil 3 ,Z],C E b KOHType L oy.TCT cnpaBc/innBo 


E= ®E n fid+ cpE D c/l + (J)E d c/ 1 + ®E n c(l+ (j)E n c/l = 


= E,+ E 2 + E 3 + E 4 + E 5 . (4.90) 

TaKHM o 6 pa 30 M, cornacHO 
coBpeMeHHBix npc/iCTaBneiiHH, Ha 
KaacaoM H 3 ynacTKOB L x _ 2 , Z 2 _3, 
Z. ? 4, Z. 4 5, L 5 1 KOHTypa L, oxBa- 
TBiBaiomcro htmciihcmbih Mar- 
HHTHBIH nOTOK O (88), HHayUH- 

pyeTca He paBHaa Hynio (h npn- 
tom nonoacHTentHaa npn bbi- 
6 paHHOM ooxonc KOHTypa L) 

3RC Ei, E 2 , E 3 , E 4 , E s . npn bbi- 

6 paHHOM ooxo.tc KOHTypa L no- 
p HC 33 novKHTcnBiiaa Bcm-ninna Bcex 

cnaraeMtix nneHOB cyMMti (4.90) 
ocTaeTca HeH3MeHHOH h nna nio- 
6 oh npoH3Boni>HOH (JiopMBi KOHTypa L' (puc. 33), ecnn yniiTtiBaeTca TontKO tot 
H 3MeHaeMBiH noTOK O MarHHTHoro nona II. KOToptra oxBaTBiBacTca namiBiM 
KOHTypOM L' 


cp 
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E = E' ,+ E' 3 + E ' 3 + E' 4 + E’ 5 = |E.dl = flKS = (4.91) 

C Ot C Ot 

OoyciioBJTcno sto TeM, hto b ypaBHGHiiH (4.91) 3HaK 3JJ,C E'i, E' 2 , E' 3 , E' 4 , 
E ' 5 Ha OT/ientHBix ynacTKax L' j_2, L'i 3, L'y^, L\ 5 , Z/ 5 _i KOHTypa L' onpezienaeT- 
ca tohbko npaBHJioM o6xo.ua KOHTypa L' . HanpiiMep, ecnn npn o6xo/ie KOHTypa 
L' no HanpaBJieHHio ot tohkh 1 k tohkc 2 h t./i. Tax, hto MarHHTHoe none H nc- 
cnc/iycMoro noTOKa ® Bceryia naxonHTca cnpaBa no xony, to npn yBenHHHBaio- 
incvica noToxe ® Ha Bcex ynacTKax KOHTypa L' 3/l.C E'i, E' 2 , E' 3 , E' 4 , E' s 6y/icT 

BeJIHHHHOH OTpHHaTCHBIIOH. npH yMCHBIliaiOIHCMCH nOTOKe ® - nOHO>KHTeiIi>HOH. 
IIpH o6paTHOM OOXO/IC KOHTypa L' OT TOHKH 5 K TOHKe 4 H T.,T. TaK, HTO OXBaTBI- 
BaeMBin KOHTypoM L' MarHHTHBiH noTOK ® Bceryia naxonnica cneBa, to npn 
yBenHHHBaiomeMCJi noTOKe ® Ha Bcex ynacTKax KOHTypa L' r dJ\C E' h E' 2 , E' 3 , 
E' 4 , E's Oy.TCT BeJIHHHHOH nOJIOJKHTeJIBHOH, npH yMCIIBiriaiOIHCMCSI noTOKe ® - 
OTpuuaTeJiBHOH. OTHOCHTentHO ace caMOH BeJiHHHHBi h HanpaBneHHn BeKTopa 
3JieKTpnHecKoro nona E B b TOHKax bzjojib KOHTypa L' H3 ypaBHefflia (4.91), KaK h 
H 3 ypaBHeHHH (4.86), (4.87), HHHero onpejieneHHoro CKa3aTB HenB3a. Toubko b 
H eKOTopBix nacTHBix cnynaax, Koryia BiixpeBoe sneRTpiinecKoe none E 0 bo Bcex 
TOHKax Bnonb KOHTypa L 0 ociaeTca BemiHHHOH HeH3MeHHOH, .zpia cyMMapHOH 


3,Z],C E 0 mo^cho 3anHcaTb 




Eo — EqLq, 

(4.92) 

OTKyzja cneayeT 




II 

m 

o 

© 

(4.93) 


Bcex ace npynix cnynaeB onnoiiia'inoro BBipaaceHiia nna BuxpeBoro 
sneKTpuHecKoro non a E B b KaKOH-nn6o TOHKe Ha KOHType L nonyHHTB He y/iacT- 
ca. 


3. OrpaHHHeHHOCTb KJiaccniecKHx npeflCTaBJieHHH o MarHHTHOM noTOKe 

OnnaKo b peanBHOM cnynae, npn paccMOTpeHiin KOHKpeTHBix sncKiponn- 
HaMHHecKnx 3a^aH, MoacHo nerao y6e,HHTBca b cjiopManBHOH cymHocTH ypaBHe- 
HHa Buna (4.91) h b orpaHHHeHHOH npuMciiHMOCTH ero Ha npaKTHKe, Koryia bo 3- 
HHKaeT ncooxomiMOCTB b onpcncncnnn He TonBKo cyMMapnoii 3/JC b 
paccMaTpHBaeMOM KOHType L, ho h KOHKpeTHBix BenHHHH 3/JC Ha ot/icjibiibix 
ynacTKax SToro KOHTypa. HanpiiMep, paccMOTpuM npuMeHHMOCTB ypaBiienna 
(4.91) k oniicaHHio BuxpeBoro sneRTpiinecKoro nona E B b npocTpaHCTBe 
H3MeHaiomeroca MarHHTHoro nojia II(t) ot KpyroBoro KOHTypa K c 
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on MarHHTHoro nojin IHt) ot KpyroBoro KOHTypa K c ncpcMcinniM tokom i 
(pile. 34 ). 

B 3tom cnyHae ajul nonHoro noTOKa cp A - MarHHTHoro no.is H, npomoM- 
Baiomero KOHTyp K, mo>kho 3anHcaTB 

4>^ = JhWS, (4.94) 

S K 

rue S K - njioma/(i> KpyroBoro KOHTypa K. Ecjih b miocKOCTH KOHTypa K pacno- 
jio>khtb apyroii KOHTyp L b cjiopMe KpyroBoro ceKTopa (puc. 34), to rjul nonHoro 
MarHHTHoro noTOKa npoHrotiBaiomero KOHTyp L, ohobh^ho, noJiyHHM 

O i = jHJS, (4.95) 

S L 

pic .S'/ - moma/ib nnocKOH noBepxHOCTH, oxBaTBmacMoii KOHTypoM L. C yiCTOM 
(4.91) JiiifL HH^yunpycMOH b KOHType L 3/JC E/ iiaii/icM 

^=|E B dl = -~JttS = --^. (4.96) 

J C Ot J c ot 

S L 

H 3 (JiopManBHOH 3amicH Bi-pia (4.96) 

MO)KHO C/ICJTaTB TOJIBKO O.THII B BIBO/I, HTO 
Bee TOHKH KOHTypa L no otiioiiiciihio k 
3aKJIK>HCHHOMy B 3TOM KOHTypC nOTOKy 
Oi MarHHTHoro noun H naxo.THTCH, b o 6- 
meM, B OZlHHaKOBBIX (J)H3HHCCKHX yCJIOBH- 
5ix - ohh orpairn'innaioT noTOK <t>/ cHa- 
py>KH. Y'lHTUBaa k TOMy ace, hto H3 ypaB- 
Hemia (4.96) H3 jicboh h npaBoii ero nac- 
th, b o6meM, HHKaK He cne/iyeT, Hanpn- 
Mep, HTO CTOpOHBI AB. BC HJIH CA KOHTy¬ 
pa L (puc. 34) TJOH5KHBI HMeTt KaKoe-nii6o 
npeiiMymecTBO b OTHomeHiiii iiniymipo- 
BaHiui Ha sthx ynacTKax KOHTypa 3/l.C 
HJIH, Hao6opOT, He HOJDKHBI HMCTB eTO B 006 me, TO JIOTHHeCKHM C-TC.TCTBHCM 3TO- 
ro MOaCeT OBITB TO-TBKO OHIO JlOnyiHCIlHC, HTO 3/JC E/ BIlXpeBOTO 3-TCKTpH'ie- 
CKoro nona E B wnynupycTCH Ha Bcex ynacTKax KOHTypa L, h noniaa 3JJ,C E/ no 
BceMy KOHTypy L paBHa cyMMe 


L 
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E l = E AB + E AC + E bc = | E b dl + | E b dl + | E B dl . (4.97) 

AB AC BC 

B paBGHCTBe (4.97) KanyiBiH hjigh cyMMBi cnpaBa, no KpanHen Mepe, He 
.HonnceH 6 bitb paBeH Hynio, TaK KaK b npoTHBHOM cnynae mbi BBraynmeHBi 6yneM 
3aKJIK)HHTB, HTO CO O T B CT CT B V K) 11 [H h yiacTOK KOHTypa L He orpaHHHHBaeT Mar- 
HHTHoro noTOKa O/. TaKHM o6pa30M, (jiopManBHBiH bbibo/i (4.97) nenocpcncT- 
BeHHo cne^yeT KaK H3 (4.96), TaK h H3 (4.87), h cornacyeTcn c H3BecTHBiMii 
npeacTaBneHHJiMH. OmiaKO. b /ichotbhtcjibhocth, npn yKa3aHHOM Ha puc. 34 
pacnononcemiH KOHTypa L b MarHHTHOM none H KOHTypa K c nepeMeHHBiM to- 
kom i, Ka3anocB 6 bi, TpiiBHanBHBiH bbibo/i (4.97) He cornacyeTcn c Ha6nio,neHHn- 
mh. HanpuMep, npn nn/iyiiHpoBann h BiixpeBBix sneKTpiiHecKHX noncM E B Kpy- 
tobbimh TOKaMH b KaMepe HHKJiHHecKnx ycKopuTenen [31] Ha jho6oh sneKTpu- 
necKHH iapn/i e, naxonniriHHcn Ha nnocKOH noBepxHOCTH S, coBna/iaiomcii c 
nnocKOCTBio KpyroBoro KOHTypa K c tokom, BeKTop HanpnnceHHOCTH BuxpeBoro 
sneKTpuHecKoro noun E B HanpaBneH Bceiyia no KacaTenBHOH k OKpyneHOCTH, 
KOHIieHTpHHHOH C KOHTypOM K. Cne^OBaTenBHO, eenH B njIOCKOCTH KOHTypa K c 
nepeMeHHBiM tokom i (puc. 34) oyncT pacnononceH KOHTyp L m nporsoniiHKa b 
BH jie cerMeHTa, to /ichctbhc sneKTpiiHecKOH chjibi F e 

F = E B e (4.98) 

Ha 3JieKTpOHBI npOBOHHMOCTH npOBOTUIHKa Ha y'laCTKC AB KOHTypa L CO CTOpO- 
hbi BuxpeBoro sneRTpunecKoro noun E B npuncncT k nepeMemeHHio hx b.toiib 
npoBOflHHKa AB , Menyiy TeM KaK .nencTBiie stoh nee chubi F £ (4.98) Ha sneopo- 
hbi np obo ,t h m o ct h npononniiKa Ha ynacTKax BC h AC KOHTypa L He npiiBC/iCT 
hx k nepeMemeHHio b.toiib npoBO/imiKa, TaK KaK HanpaBJieHne nciicTBiin chubi 
F £ Ha 3thx ynacTKax nepncn.BUKynnpno k HanpaBneHHio npoBomiHKOB BC h AC. 
/IpyriiMH cnoBaMH, Ben 3JJ.C E/ BuxpeBoro 3JieKTpnHecKoro noun E B oyncT 
CKOHiieHTpupoBaHa tojibko Ha y'laCTKC AB KOHTypa L 

El = E AB, (4.99) 

MCVK.Ty TeM KaK Ha ynacTKax KOHTypa AC h BC 3JJ.C E AC h E B q BuxpeBoro 
SJieKTpHHecKoro noun E B OKa3BiBaeTcn paBHOH Hynio: 

E ac = E BC = |E b J 1 = |E b </1 = 0. (4.100) 

AC BC 

Pe3ynBTaTBi (4.99), (4.100) /ichctbutciibiio eooTBeTCTByioT 3KcncpHMCii- 
TanBHBiM iiaonioncnunM. omiaKO sth pe3ynBTaTBi He MoryT 6 bitb ycTaHOBneHBi 
H3 H3BecTHBix ypaBHemiH (4.86), (4.87) unn (4.96), (4.97). Mo>kho noKa3aTB, hto 
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npn HeH3MeHHon reoMCTpu'iccKOH (|)op\ic KOHTypa L, H3MeHeHiie rcovicTpu'ie- 
ckoh (|)op\ibi KOHTypa K c ncpcMCimbiM tokom i npuBCHCT k H3MeHeHi«o KaK 
HanpaBneHiM, TaK h bojimhuhli BeKTopa BuxpeBoro sjieKTpiiHecKoro noiM E B b 
ozihhx h Tex >Ke TOHKax KOHTypa L h k nepcpacnpe/icjicni-no naBC/icnnoii 3J\C 
Ha Bcex ynacTKax KOHTypa L ^a>Ke npn ycnoBHH, ecnH nonHaa BeJiHHHHa H3Me- 
iiHCMoro MarHHTHoro noTOKa AO/ oy.TCT HeH3MeHHOH. H 3 conocTaBJicnnsi 
(4.97), (4.98) h (4.99), (4.100) Henocpe^cTBeHHo cne^yeT, hto npiiMeHAeMtiH b 
ypaBHeHHJix (4.87), (4.96) (J)opMajiH3M o MarmiTHOM noTOKe O (4.88), (4.95) 

Hcpci 33MKHyTBIH KOHTyp L npHBO.lHT K C-BC,TCTBHS1M, KOTOptie He COrjiaCy IOTCS1 C 
3KCnepHMeHTaHBHBIMH IiaO.BIOpenHSlMH. YMeCTHO BCnOMHHTB 3/ICC B np030pJIH- 
Boe npc.Tynpc>K.Tcnna AMnepa o iicooxo.thmocth 0TKa3a b 3ji e kt p o ,i h h a mhk c ot 
noHSTHH «MarHHT». PaccMOTpeHHtiH bbiiiic cnynaH - o.thii H3 npHMepoB npc/i- 
CKa3aHHOH AMnepoM «HeHMOBepHOH nyTamiHHBi b Teopnn». OrpannHcimocTi. h 
(J iopMajiBHaH cymHOCTt ypaBHeHHM (4.87) ocoOeHHO HarcomHO bhjihbi npn no- 
ntiTKe npuMeHeHHM ero rjisl onpezieneHiui BuxpeBtix sjieKTpHHecKiix noneil E B h 
3J)C HH/jyKL[HH E OT OflHHOHHBIX .TBH'/KYIIIHXCH iapH.TOB. npHMepa paC- 

CMOTpHM HH)Ke HiMCIlHIOiriHCCH MaTHHTHBie nOJH B npOCTpaHCTBe OKOJIO paBHO- 
ycKopeHHoro uBiDKymerocn 3apn/ia e. 


4. 3 <j)<j)eKTM HHflyKUHH 3 flC b 3aMKHyTbix KOHiypax 


Han/jeM H3MeHeHHe MarHHTHoro noTOKa AO b KOHType L uiC n (puc. 35) 3 a 
npoMe>KyTOK BpeMeHH At npn ycKopeHHH lapa/ia e 30 ckopocth v Ha nyra A/. 
PaivicpBi KOHTypa Labcd b HanpaBJieHHH AB h AD npc/inonaracM /loCTaTO'ino 
6ohbuihmh. H3MeHeHne MarHHTHoro noTOKa AO movkct obitb onpc/icncno co- 
raacHO (jiopMyjie 


AO = JlE/S- j*IE/S = I 


H(/S . 


S AA'nn' 


(4.101) 



A C. 


Phc. 35 
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/Jji a paBHoycKopeHHoro .tbhvkciihsi. ohcbh.biio, 6y.BC m hmctb 

A/ = vAt/2, (4.102) 

OTKy.Ba n ax OB HM 

At = 2A//v, (4.103) 

ryie v - CKopocTt 3apjma e b tohxc A'. CoraacHO (4.87), c yneTOM (4.101), aim 

cyMMapHoii 3)3,0 E, HiiByiii-ipycMoil b KOHType L AB qd, mtokho 3anncaTB 


E = 


flWS = --—, 
c At J c At 


(4.104) 


TBe A® - H3MCHCHHC MarHHTHoro nOTOKa 3a npOMC/KyTOK BpCMCHIl At. H3MeHe- 
HHe MarHHTHoro noTOKa A® (4.101) onpencauM noKa ajm obhoto H3BecTHoro 
«paBHajii>Horo» MarHHTHoro noun H± BBipa>xeHHeM BHBa 

H ± = — -^-sincp . (4.105) 

c r 


IIoBCTaBJiM (4.105) b (4.101) h yHHTBiBaa, hto dS = r ch p dr, aim h3mcho- 
mm MarHHTHoro noTOKa A® HaxoBHM 


OO 7l/2 

. _ ev P f sin (p dtp dr ev . oo 

AO = — -— = - — In—. 

c J J r c r 0 

r o 0 


(4.106) 


TaKHM o6pa30M, ecjiH npn onpcncaeimn 3JS,C E b KOHType L ABCD (puc. 35) 

OT BeHCTBHH BHXpCBOrO 3JICKTpHHCCKOrO nOJia E B HIIBYKIIHII IICTI0BB30BaTB TO 
npcBCTariBciinc o MarHHTHOM noToxe O = J H dS, KOTopoe 3ajrc»xeHO b iihtc- 
rpajitHOM ypaBHCHHH MaxcBemia (4.87), to aim nonHoro MarHHTHoro noraxa O 
= AO 'icpci njiocKHH KOHTyp L AB cd ot OBHiio'iiioro BBii'/KyincrocH 3apana e no- 
By'iaiOTCB OCCKOIIC'IIIBIC BCJIHHHHBI. ^OIiyCXaH, HTO BHXpeBOe BBCKTpil'ICCKOC 
none E B Ha 6ecKOHeHHO yaajieHHBix ynacTxax BC h CD KOHTypa Laucd paBHO 
Hymo, a Ha ynacTxe AD KOHTypa L AB qd HanpaBJieHHe BexTopa BuxpeBoro 3Jiex- 
Tpunecxoro nona E a , xax 6bijio noxa3aHO BBime, nepneHBHxyjiapHO x CTopoHe 
AD xoHTypa L ABC d, to aim cyMMapHOH 3)],C E (4.104) b xoHType L ABC d c yneTOM 
(4.106) modxho 3anncaTB 



1 AO 
c At 


1 ev , oo 
--In— , 

2 Ale r 0 


AB 


(4.107) 
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T.e. bch 3/1,0 E OKaahiBacTCH CKoniienTpupoBannoil tohbko Ha opiiovi ynacTKe 
AB KOHTypa L AB cd, h b can m-ma 3 toh 3/JG E paBHa, onaTB >Ke, DccKoncniocTH. 
IloiiyHaiomHecH OecKOHenHocTH (4.106), (4.107) cooTBeTCTByioT, oneBiipHo, 
TOMy, hto Hcnoni>3yeMoe b HHTerpanBHOM ypaBHeHira MaKCBenna (4.87) npep- 
CTaBaciiHC o HeKoeM \ianiHTno\i noTOKe ® (4.88), no Been BcposmiocTH, pciicT- 
BHTentHO He OTpa>KaeT coooii b noaiioii Mepe (|)hwicckoh rmiiMOCBsiBH MOK.py 
H3MeffliomHMC« MarHHTHtiM noneM H±(t) b npocTpaHCTBe okoho ycKopaeMoro 
iapa/ia e h bhxpcbbimh aa c kt p h l i cc k h m h noaHMH E b 3/JG HiipyKni-m. Ch tv aim a 
c npeacTaBaeiiHCM o vianiHTiioM noTOKe, ecTecTBeHHo, eme 6onee ycaomraeT- 
ca, eenn npHHJiTb bo BHHMaHHe cymecTBOBaHHe b npocTpaHCTBe okoho pBHacy- 
mcrocsi 3apapa, noMHMO H3BecTHoro papnaaiaioro MarHHTHoro noun H±(t), eme 
h aKcnajibHoro MarHHTHoro noun 

JXjul ycTaHOBJieHHH 6onee npiieMneMon, c <J)H3HHecKOH tohkh 3peHiia, B3an- 
MOCBH3H Me)Kpy H3MeHaK>mHMIlCa MarHHTHBIMH nOJIHMH H ± (t) H 7/| (t) PBHTKyme- 
rocji 3apapa e h i-inpyiiiipycMBiMH hmh BuxpeBBiMH aa e KTp h a c c k m \i h noaaMH E B 
iicooxophmo. 0'icBH.ano, ocHOBbiBaTBCJi Ha 6onee chhbhbix npcpnocBiaKax, Ha- 
npHMep, hcxophtb H3 cooaiopcnna 3aKOHa coxpaiicnna sHepniH h 3-ro 3aKOHa 

MeXaHHKH BO BiaHMO/ICHCTBHH yCKOpflCMOrO 3apapa e C COOCTBCimBIMH BHXpe- 

bbimh aacKTpH'iccKHMH nonaMH E B 3/JC caMOHn.iyKHHH. 3anHnieM paBeHCTBo 
pciicTByiomcii Ha ycKopacMBiii sapaa e chhbi F y c ancKTpu'iccKoii chhoh caMo- 
HHpyKHHOHHoro TopMoaccnna F t = E B e b bhpc 


F y = E B e. (4.108) 

Ecjih 3apap e ycKopaeTca po CKopocTH v Ha nyra A/, to pan paSoTBi A, npo- 
h3bohhmoh ycKopaiomcil chhoh F y , oypcvi h mctb 

A = F y A/ = E B eA/. (4.109) 

TaK KaK npn ycKopeHiin 3apapa e ,ao ckopocth v b npocTpaHCTBe okoho 3a- 
papa HHpyuHpyioTCH MarHHTHbie nona Hj_ h H^, to paOoTa A ycKopaiomeH chhbi 
F y npOTHB CHH BHXpeBOTO 3HeKTpHHeCKOrO nona E b eaMOHHpyKHHH P0H)KHa 
6 bitb paBHa, ohcbiipho. noHHOH ancprwi MarHHTHBix noncii II h II . T.e. 


1 

f H\dv + — 


8 71 . 

! 8 ji . 

! 11 8 ji J 


| H ldv , 


(4.110) 


rpe H n 


^hI+hI 


- pe3yjibTHpyiomee MarHHTHoe none ^Bnncymerocn 


3apn^a e 
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c r 9 


(4.111) 

BriH.iy Toro, hto pa6oTa A (4.109) paBHa khiicth'icckoh 3Heprnn W K 3apn- 


a a e 


A = = W k , 


(4.112) 


to, c yneTOM npeziBmymeH rnaBBi khhth, paBOHCTBO (4.110) nBJineTcn OHeBH/i- 
hbim. H3 paBOHCTBa (4.110) nerKO yc t a n a b jt h b a c tc n B3aHMOCBn3B \ic>K,Ty Biixpe- 
BBIM 3JieKTpHHeCKHM IIOHeM E B , .HeHCTByiOmHM Ha 3WpfLH e, H pe3yHBTHpyiOIHHM 
MarHHTHBiM noneM //,, stoto nee iapn/ia 

(4113 » 


E„ =- 


IlpHHHMaa BO BHHMaHHe, HTO /Uin paBHOyCKOpCHHOTO .TBHVKCIIHH 3apn,ia 


A / = a At 12 = vAt/2, 

BBipancemie (4.113) mo>kho nepemicaTB eme b BH^e 

1 


E„ =- 


k*h- Y Wb 

J ' ev 


At 


(4.114) 


(4.115) 


, %mvAl 

T.e. BuxpeBoe sjtcktph’icckoc none E B , 
nciicTByiomcc Ha 3apn,i e npn ero yc- 
KopeHHH, nponopunoHajiBHo H3MeHe- 
hhk> 3HeprHH AWh pe3yjiBTHpyiomero 
MarHHTHoro noun H n bo BceM oxpy- 
ncaiomeM iapn.T npocTpaHCTBe, a Ha- 
npaBneHHe BCKTopa BuxpeBoro 3JieK- 
TpunecKoro noun E B npoTHBonononcHO 
nanpaBJicimio .iBH/Kcnun ycxopneMoro 
sapnna. Ot BBipancemin (4.115) nerKO 
nepeirm k (jiynKiu-ioirajibiroH 3aBHCH- 
mocth Him ycpennennoro iiia'icnun 
BuxpeBoro 3JieKTpHHecKoro noun E B 
Ha .nocTaTOHHo ManoM 0Tpe3Ke 6/ b 
nioooii npoH3BonBHOH TOHKe npo- 
crpaHCTBa okojio ycxopneMoro iapnna 

e. HanpiiMep, /pin onpc/icneimn nanpnvKennocTH BuxpeBoro sjieKTpiiHecKoro 
noun E b Ha 0Tpe3Ke 5/ b npoH3BonBHOH Tonxe N (puc. 36), naxo/inineMcn Ha hh- 



Phc. 36 
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nnHzipHHecKOH noBepxHOCTii pa/myca h, iicodxo.thmo onpeaenHTt H3MeHemie 
SHepniH 5fE//pe3yni>THpyiomero MarHHTHoro nojm H n b .nocTaTOHHO y3KOM cnoe 
5/ npocTpaHCTBa o6i>eMa 8V, orpaHHHeHHoro Metfyiy .HByMJi nnocKocraMH cc' h 
dd', ncpncn.THKyaHpnbiMH k nanpaBneimio .ibh/Kciihh iapa.ia e, h noBcpxnocTBio 
UHJiHHjipa pajjnyca h, T.e. 


8tt . 


- f H 2 n dv = f %2 ji h dh) . 

<nJ 8ji<Y j r 

SK 


(4.116) 


IlpHHHMaH BO BHHMaHHe 
/ 

r = -, 

cosy 


h = l tg (p, 


dh = 


rd (p 
cosy 


(4.117) 


nonyHHM 

0 n/2 , 

eiv 5/ f . e 1 v~81 . 2 1 71/2 

oW H = - cosy sin cpaTtp = - sin~y 

4 c~r J 4c 2 / 2 l( P» 

9 at 


e 2 v 2 5/ 
4c 2 / 2 


cos 2 y w . 


(4.118) 


OTKyzja Rim BuxpeBoro sneKipiiHecKoro no:m E B (4. 115) b jik>6oh tohkc Ha 
ynacTKax ab h a'b' noBepxHOCTH HHJiHHXipa pa/inyca h (puc. 36) 6yneM hmctb 


E„ 



ev81 

c 2 l 2 At 


cos 2 y Af . 


(4.119) 


HanpaBneHne BCKTopa BuxpeBoro 'jacKTpu'iccKoro nona E B onpc/icnflCTCsi Ha- 
npaB.aciiHCM /ichctbhsi chjibi 5F Ha npooiiBiil iapa.i 8e, noMemeHHoro b tohkc N 

5F = E B 5e, (4.120) 


h Bceryia npoTHBononoKHo BeKTopy CKopocra v sapana e 


E =- 


1 e81 

4 c 2 l 2 At j 


vcos y w . 


(4.121) 


H 3 (4.121) Him 3/l.C §E Ha ynacTKe ab, a'b' noBepxHOCTH HHJiHHZipa .hjih- 
hoh 81 HaxoziHM 

8E=|E B dl = £ B 8/---^—cos 2 ^. (4.122) 

J 4 c l At 

H3mchjm b (4.118) npeaejiBi nHTerpiipoBamui, aim ycpeflHeHHoro 3HaHeHH5i 
BuxpeBoro 3JieKTpHHecKoro nojm E' B Ha OTpe3Ke npjiMOH km, coBna/jaiomeH c 




TnaBa 4. 06ocHOBamie peajiBHOCTH cymecTBOBani-iH aKcnajiBHoro 

_ MarHHTHoro nojia nBHacvmeroca 3apana _ 371 

HanpaBneHneM TpacKTO pnn .tbh'/Kciihh sapa.Ta e b p ac'c m aTp h Bac mbih momght 
BpeMeHH h no xpiHHe paBHoil 81 ' = 81 , nonyHHM ((p w = 0, cos (p = 1) 


E' = 


1 e8l' 

4 c 2 l 2 At V 


(4.123) 


CooTBeTCTBeHHo, jinn 3J\C oE' Ha y'lacTKc npHMoii km oyncvi hmctb 


<5E' = E[d' 


1 evSl' 2 
4 c 2 / 2 At ' 


(4.124) 


Bto6bi yGexpiTBca b tom, hto nonyneHHBie cooTHoniemia (4.115), (4.121), 
(4.123) /jencTBUTenBHO npaBHJiBHO OTpa>icaK>T co6oil onpe^eJieHHBie 3aKOHBi 
HHZiyKUHH (caMoi'in.TyKiU'i h) ycKopeHHO BBi-r/KymuxcH 3apa,TOB, paccMOTpuM, 
nanpuMcp. KaKoe cyMMapHoe BuxpeBoe sjieKTpiiHecKoe none E B n cyMMapnan 
3J\C E HiinynnpyioTcs Ha ynacTKe AB noBepxHocTn iiH.THn.Tpa pa.myca R ot 
CHCT eMBI paBHOyCKOpeHHO .TBHVKyiHHXCH 33pH.BOB O dXj, npCBCTaBBHIOIUHX co6on 
OccKonc'inyio jiHHeiiHyio 3apHVK'cnnyio hhtb c nnoTHOCTBio 3apH/ia o (puc. 37). B 
3tom cnynae, npiiHHMaa bo BHiiMaHne (4.115), rjul 3JieMeHTapHoro 3apazia cdxj 
iapHVK'cnnoii hhth mo>kho 3anncaTB 


dE m - = - 


v <idx i v l j 


AW, 


H, 


At 


(4.125) 


Ot Ky.Ta tuth cyMMapHoro BnxpeBoro sncRTpu’iccKoro nona E B Ha yiacTKC 
AZ noBepxHOCTH nnBiniBpa ot Bcex ojicMciuapiiBix iapn.TOB a dx, iapHVKcnnoii 



t ' / 




A' 

Phc. 37 
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hhth, Ka3anoci> 6 bi, cne^OBano 3anncaTi> 

dE B = dE Bl + dE Bl + ... + dE m = 


——(A W Hi +A W Hi + ... + A W H ). (4.126) 

ct dxvAt 


Onnaxo, TaK KaK SHeprun \ianmTiioro nonn ot Bcex sneMeHTapHtix sapnnoB 
a d.Xj He cyMMi'ipycTCH no nuncHHOMy 3aKOHy, to 3anHcr> (4.126) He MonceT OTpa- 
)KaTB B3aHMOCBH3H MC'/K.Ty CyMMapHBIM BHXpGBBIM SJieKTpHHeCKHM nO-TCM E B H 
cyMMapHOH SHepraen MarHHTHoro nonn Wh xiBinxymeHcn niiHeiiHOH 3apn>xeH- 
hoh hhth. Cne/iOBaTenBHO, c yneTOM (4.115), .unn ynacTxa AZ (puc. 37) aBiincy- 
mcHcn ycKopeHHO ni-mciinoH 3apn>xeHH0H hhth cnc/iycT 3anHcaTB 


dE B 


2 *W H 
ctvAZ A t 


f 




2 1 


avAZAt 


8n 


V 


f H$dV 

AV j 


(4.127) 


prc II n - pe3yni>THpyiomee ManiHTiioc none ot nBnvxyincHcn sapHVKcnnoil 
hhth b Konnc ycxopemin. H3MeHeHHe sncprun MarHHTHoro noun AW// npn yc- 
KOpeHHH japfl'/KCimOH HHTH .TO CKOpOCTH V 3a npOMe>XyTOX BpeMeHii At onpc.Te- 
nneTcn b o6i>eMe AV, 3axmoneHHOM Menyjy nByMn napannentHtiMH nnocxocra- 
mh, nepecexaiomux sapa'/Kcimyio hhtb non npnMtiM yrnoM b Tonxax k h m, h 
orpaHHneHHBiM noBcpxnocTBio iiH.THii.Tpa pa.THyca R. Tax xax /inn pe3ynr>TH- 
pyiomero MarHHTHoro noun H 0 /iBnvxyirieHcn 3apn>KcnnoH hhth moixho 3anHcaTi> 
(axcuantHoe MarHHTHoe none H\\ miHeiiHoro Toxa paBHO Hynio) 


_ 1 2i _ 1 2ov 

H 0 - H i - - 9 

c r c r 

to 3aimcb (4.127) MO^ceT 6biTb npe^CTaBJieHa b BH^e 


dE B 


1 1 
4n avAZAt 



(4.128) 


(4.129) 


IIpHHHMan bo BHHMaHHe, hto dV = InrAZdr, oxoiiHaTcni.no /inn Bexrapa 
BuxpeBoro sncKTpH'iccKoro nonn E B oy/icM hmctb 


E = 


oo 


2 av (* 

c 2 At J 


dr 


2 (TV , 

——In r 
c At 


CO 

R ' 


r 


(4.130) 
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TaKHM o 6 pa 30 M, pe 3 ynBTiipyiomee BiixpeBoe sneKTpHHecKoe none b npo- 
CTpaHCTBe okojio .iBHA'ynicHCH paBHoycKopeHHO occkoiic'iiioh no /uihiic 3 apa- 
)KeHHOH HHTII OKa'IBIBHCTCfl BeJIHHHHOH OCCKOIIC'IIIOH. CoOTBeTCTBeHHO, H pe- 
iynBTHpyioinaa 3J\C E Ha ynacTKC AB hhjihii.iph'icckoh noBepxHOCTH pa/uiyca 
R 


E = E b AZ = 


2gvAZ , 

-In r 

c 2 At 


CO 

R 


(4.131) 


OKaiBiBacTCH T3K)Ke BemiHHHon occkoiic'iiioh. Ananoni'ino, n pciyuBTupyioiriaH 
3/JC E' Ha ynacTKe CD uiuiHH/ipHHecKOH noBepxHOCTH pa/niyca R' TaK>Ke oxa- 

iBIBaCTCH BeJIHHHHOH OCCKOIIC'IIIOH: 


E' = e’ b az 


2<jvAZ , 
-In r 

c 2 At 


CO 

R' * 


(4.132) 


OmiaKO. ecnn paccvtOTpcTB 33 MKHyTBiH KOHTyp ABCD (pnc. 37 ), to /pi a pe- 
3 yjTbTHpyfon;eH 3/JC E;, b stom KOHType oy/icM hmctb Konc'iiiyio Bcnii'ii-my 


5=E-E' = 


2o\AZ 

c 2 At 



(4.133) 


Ha y'lacTKax CD n BC 3 aMKHyToro KOHTypa ABCD 3/JC He nn/iyunpycTCH, 
Tax Kax Ha sthx y'lacTKax bcktop iianpavKciiiiocTH BuxpeBoro sneKipimecKoro 
nona E B ncpncn/iHKyjiHpcn k npaMBiM yiacTKavi AD h BC. Tax Kax b npaKTH'ie- 
ckhx cnynaax npn onpc/icncni-iH 3 /)C E HHTerpajiBHBiM ypaBHeHiieM MaKCBenna 
(4.87) paccMaTpHBaioTca tojibko 3 aMKHyTBie KOHTypti L, /pia KOToptix pacneTBi 
/jaioT y/iOBJieTBopHTeJiBHoe coBna/jemie c HaSmo/ieHHaMH, to cpaBHHM nony- 
neHHBiH pe 3 ynBTaT (4.133) c pe 3 ynBTaTOM pemeHiia aHanorHHHOH 3 a/jaHH HHTe- 
rpanBHBiM ypaBHemieM MaKCBenna (4.87). 

OnpcncniiM nonHyio 3 /JC F k b 33 MKHyTOM KOHType ABCD (pnc. 38 ) ypaB- 
HeHiieM (4.87), Korapoe 3 anHHieM b BH/je 



(4.134) 


Cne/iyeT otmcthtb, hto 3anncB (4.134) SKBHBaneHTHa 3anHCH 

=E 'ab +E 4C +^C +^.4 = j>E B d + j)E B <fl + j)E B <fl + j)E B <71, (4.135) 

AB AC BC DA 
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T.e. Ha Bcex ynacTKax KOHTypa ABCD HnnyunpycTCH ncpannaa Hynio 3/JC on- 
no ro HanpaBneHiM. npiiHHMaa bo BHHMaHHe (4.128) h nonaraa dS = AZdr, nna 
(4.134) oKOHHaTentHo 6yneM hmctb 

c> p p p p 2ctvAZ R 

R -^-AB + ^AC +^C + ^DA - Yl n_ o~' (4.136) 

c~At R 

CpaBHHBaa npaBtie nacra (4.133) h (4.136), o6Hapy>KHBaeM nonHoe TO)Kne- 
ctbo nonyHeHHBix pe3yni>TaTOB. OranHiie *e neBtix nacTeil (4.133), (4.136) 
o6ycnoB:ieHo othhhhcm (|)H3HHecKoro nonxo/ia b onpcnenennH 3J\C E BiixpeBo- 
ro aneKTpHHecKoro nona E B . H 3 coBnaneHHa pe3yni>TaTOB (4.133) h (4.136) He- 
nocpcncTBcnno cnc/iycT bbibo/i, hto ycTanoBnennaa paHee (|)ynKnnonajiBnaa 
3aBHCHMOCTB (4.115), a TaioKe cnencTBHa H3 Hee (4.121), (4.123), neHCTBHTentHO 
OTpancaioT co6oh onpcncnemiBin 3aKOH HnnyKHHH BHxpcBBix sneKTpHHecKiix 
noncri E B n b n '/Ky 1 1 1 n \i n c a iapanaMH. H 3 OTHHHHa ace neBtix nacTcn paBOHCTB 
(4.133) h (4.136) cnenyeT, hto cornacHO nonxona (4.136) b 33MKHyTOM KOHType 
ABCD b6hh3h nepeMeHHoro nwicHnoro TOKa i (puc. 38) (npn ooxonc KOHTypa, 
HanpuMep, npoTHB nacoBori cTpenKH) Ha Bcex ynacTKax KOHTypa 3,2,C E,, /; , E B q, 
E cd, E da aBJiaeTca bojihhhhoh nonoacHTentHOH, Meacny TeM KaK cornacHO non- 
xo/ia (4.133), npn tom ace ooxopc 33MKHyToro KOHTypa ABCD, 3J\C E Ha yna- 
CTKe AB KOHTypa aBJiaeTca bojihhhhoh nonoacHTentHon, a Ha ynacTKe DC KOH¬ 
Typa 3/]C E' aBnaeTca bojihhhhoh OTpnnaTcnBnoH. B cboio onepent, sto coot- 
BOTCTByeT eme TOMy, hto cornacHO (4.136) b Kaacnoit tohko b npocTpaHCTBe 
okoho nepeMeHHoro nnncnnoro TOKa i BeKTop unnyimpycMoro BuxpeBoro sneK- 
TpHHecKoro nona E„ HMeeT, b o6meM, npoH3BontHoe HanpaBJieHHe, 3aBiicamee 
ot reoMeTpuH BBiopannoro 3aMKHyToro KOHTypa ABCD. Meacny TeM KaK co- 
rnacHo (4.133) b hk>6oh npoH3Boni>HOH TOHKe b npocTpaHCTBe okoho nepeMeH¬ 
Horo HHHeHHoro TOKa i BeKTop nnnynnpycMoro BuxpeBoro sneKTpiiHecKoro no¬ 
na E b Bccrna HMeeT HeH3MeHHoe HanpaBHeHHe, coBnapaioiuec c nanpaBncnncM 
HHHeHHoro TOKa i. JSjw peineHiia Bonpoca, KaKoil H3 nonxonoB (4.133), (4.136) 
aBJiaeTca, c c|)H3hhcckoh tohkh ipcnna. 6onee ooocnoBaniiBiM, cnc/iycT o6pa- 
thtbch k 3kc nep hmci nan b 1 r bim pe3ynr>TaTaM. KaK oblto otmchciio bbiiiic, H3 Teo- 
pHH JIHHeHHBIX H HHKJIHHeCKHX HIIHVKHHOIIIIBIX yCKOpHTeJieH [31], nOHTBCp- 
aC/iaCMOH MHOTOHHCJieHHBIMH IiaOHIOnenHSlMH, H3BeCTHO, HTO Ha HK)6oH 3JieK- 
TpiiHecKHH aapan e b6hh3h nepeMeHHoro nHiicrinoro TOKa i, HanpaBHeHHe pcn- 
CTBHH 3HeKTpHHeCKOH CHHBI F Ha 33paH e CO CTOpOIlBI BHXpeBOrO SneKTpH’ICCKO- 
ro nona E b Bcer.na coBnanaeT c HanpaBHeHneM HHHeHHoro TOKa i = ov, BHe 33 bh- 
CHMOCTH OT paCCTOHHHJI HO HHHeHHOTO TOKa H BHe 33BHCHMOCTH OT KOHcjjHrypa- 
iu-ih BBiopannoro 33MKHyToro KOHTypa L AB cd- TaKHM o6pa30M, oomenpHiinTBiri 
nonxon ycTaHOBHeHHH B3anMOGBa3H Mcac/iy bhxpcbbimh ohcktphhcckhmh nona- 
mh E b h H3MeHeHiieM HeKoero Marninnoro noTOKa O 
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dt dt J 


(4.137) 


iicodxo.thmo CHHTaTt orpaim'icir- 
HBIM, TaK KaK, BO-nepBBIX, HHTe- 
rpantHoe ypaBHemie (4.87) OKa3ti- 
BacTCH ncnpHMCiiHMWM k nepeMeH- 
HOMy MarHHTHOMy noino H(t) oxjh- 
HOHHoro .TBH'/KymcrocH sapHTia e, bo- 
BToptix, pemefflM ypaBHeHiiil (4.87) 
npiiMeHHTejiBHO k MariiHTiiBiM noJiflM II(i) .thiichiibix tokob /raioT TaKoe pac- 
npezieneHne 3/],C b KOHType, KOTopoe He cooTBeTCTByeT 3 kc n ep h mc i nail b i r bim 
iraoino/ieimsiM. 


Phc. 38 


5 . HHflyKiiHH BHxpeBoro 3JieKTpHiecKoro nojin 
ot OflHHOHHoro paBiioMcpno flBHacymerocH iapina 


JijVL nO.lTBCpVK.TCHHM /lOCTaTOHUO y/10B JT CTB0pHTC JTBIIO H npHMeHHMOCTH 3a- 

BHCHMOCTeH (4.115), (4.121), (4.123) jsjisl MarHHTHBix noneii H ± , H\ oxihhohhbix 
/],BH>K ymHxcH 3apaaoB, onpeaeiiHM pe3yjTbTHpypomyFO 3JJ,C E (4.107) Ha npjiMOH 
AB KOHTypa ABCD (puc. 39) ot ,tbh>k ym c r och paBHoycKopeHHO oju-mo'inoro 
japa/ia e ojieKTpona h noKa>KeM kohchiioctb ero BBipa/KcniTTB C y'lCTOM (4.114), 
npeflBapHTenbHO 3annmeM (4.123) b BHjje 


1 ev 2 5/' 

8 c 2 l 2 At ' 


(4.138) 


BBHZiy npoH3BonbHOCTH BtiSopa 5/', nonomiM 81' 
(4.138) mo>kho 3anncaTb 


EL = 


1 ev 2 
8 c 2 / 2 ' 


A/. B 3tom cnynae /pia 


(4.139) 


CooTBeTCTBeHHO, /urn 3/JC d E' Ha OTpe3Ke dl npjiMOH AB Ha paccTOsrim h / ot 
aneKTpoHa e (puc. 39) noJiymiM 

dE' = E'Jl. (4.140) 


PciyuBTHpyiomafl 3/1,C E' Ha npHMoii A'B nail/icTcsT b bh.tc 
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;~ c r 


'ti\p 

1 

1 

f 

1 

i 

i 

-nc 

1 

i 

1 

1 

\b' 

V 

1 

! 

k iA' 

i 

1 

t 

1 

W 

1 

1 

1 

1 

V 



_ 


Phc. 39 



(4.141) 


/Jjbi onpejieneHHJi pe3ym>THpyiomeH 3/],C E" Ha ynacnce A A' = r 0 , ryie r 0 - 
KnaccHHecKHH pazjnyc aneicTpoHa e, 3anHineM paBeHCTBO (4.139) b Buzie 


E 


n 

B 



ev 


2 2 
r n C 


(4.142) 


T.e. ycpezjHeHHoe BuxpeBoe aneRTpunecKoe none E" B (4.142) onpeaenaeTca Ha 
OTpe3Ke 5/' npjiMOH AB b OKpecTHOCTH tohkh A' (1 = r 0 ). nonaraa E" B (4.142) 
HeH3MeHHBiM Ha y'lac'TKC A A' = r 0 , /pia 3JJ,C E" Ha 3tom y'lacTKC mo>kho 3ann- 
caTB 


P" i7" ^ ev 

t = E„r n =- 


2„2 


r n c 


(4.143) 


Oncyna, c yneTOM (4.141), (4.143), nonHaa 3/l.C E; Ha npaMOH AB OKa3ti- 
BaeTca, b npoTHBononoKHOCTt pe3yni>TaTy (4.107), KOHenHoil h paBHoil 


E 


,= E' + E" = - 


, 2 

1 ev 

w 


(4.144) 


3to cooTBeTCTByeT TOMy, hto npn nepeHeceHHH iapa.ia e sneiapoHa no np avion 
AB H3 Occkoiic'iiiocth b TOHKy A, r/ic oh h naxo.iHTca b paccMaTpHBaCMMH MO- 
MeHT BpeMeHH, nonvKiia 6i,nh coBepmeHa paooTa 
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w f 1 eV 

W l =E l e = -- 


4 r 0 c 


(4.145) 


ripHIlMMHfl BO BHHMaHHe CTipaBC/UTHBOC RJUl OJieKTpOHa e paBGHCTBO 


m 0 c 2 = e 2 /r 0 , 

jsjisi pa6oTi>i W] (4.145) ycTaHaBJiHBaeM 


W, = — 
2 


1 m 0 v 


= -W, 


k 9 


(4.146) 


(4.147) 


hto coBcpinacviaH npii nepeneceiiHH aapH.Ta e oneKTpoHa H3 occkoiichiiocth b 
TOHK y A pa6oTa If) paBHa noJioBHHe khiicthhcckoh 3iicprnn oneKTpoHa e, koto- 
pyio oh npno6peTaeT npii ycKopcnim ot cogtojmhji noKOJi /to CKopocra v Ha 
nyra A/. O^HaKO b (4.144) 6bijio yHTeHO h3mghghhg MarHHTHoro noira H(t) b 
npocTpaHCTBe okojio ycKopacvioro Bapa/ia e aneiopoHa tojibko b o.tiiom npaBOM 
(no puc. 39) no.iynpocTpancTBc. Ecjih >Ke ynecTB, hto h3mghghhg MarHHTHoro 
noira H(t) b neBOM nonynpocTpaHCTBe HH^yunpyeT 3,H,C E 2 eme h Ha npjiMOH 
B"A (puc. 39), to, BBHay ciiMMeTpiiH KapTHHti, Aim nonHOH pa6oTti Wo nepeMe- 
meHHJi iapa.Ta e aneiopoHa H3 6ecKOHeHHocTH b TOHKy A nporaB co6cTBeHHon 

3JH.C HIl.iyKHHH 6y/IC\l HMGTB TOVK.TCCTBO 

2 

Wo=W l+ W2^^- = W k . (4.148) 


JJ,aTb KaKyio-nuGo npHCMncviyio HiiTcpnpcTannio ctojib y^HBHTenBHOMy 
TO>KziecTBy (4.148) noKa He npc.iCTaBJiHCTCH bo 3 mo>khbim, o/nraKO caMO no ce6e 
yKa3aHHoe coBna/icnnc pe3ynBTaTOB, b npoTHBonono>KHOCTB 6ecKOHeHHOMy pe- 
3ynBTaTy (4.107), MO)KeT cnymiTB y6e/(HTeiiBHBiM ,noKa3aTe:iBCTBOM o6BeKTHB- 
hocth cymecTBOBaHiM 3aKOHOMepHOCTH (4.148), onpexieJiaeMOH ycTaHOBJieHHBi- 
MH (J)yHKUHOHajIBHBIMH 3aBHCHMOCTOMH (4.115), (4.121), (4.123), (4.127), 
(4.130). 


Bbiboabi 

B 3aKJHOHeHHe cnc/iycT otmcthtb, hto (|)ynKHHOirajiBnafl 33 bhchmoctb 
(4.115) Rim BHxpeBoro aneRTpunecKoro noJM E B b npoH3BonBHOH TOHKe npo- 
CTpaHCTBa OKaiBiBacTCH npneMJieMOH /pia HiMcnsnoiHuxca MarmiTHBix nojicii 
H(t) KaK OT OflHHOHHBIX 33pH.TOB. TaK H OT JIHHeHHBIX TOKOB. IIpH 3TOM npilMe- 
HHTenBHO k MarHHTHBiM non hM ozjhhohhbix sapa.ioB pe3ynBTaTBi nonyHaiOTGfl 
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KOHeHHBIMH no BeJIHHHHe H npilBOflJIT K yCTaHOBJieHHK), C (J)H3HHeCKOH TOHKH 
3pCII H H. HOBBIX HGH3BGCTHBIX paHee 3aBHCHMOCTeil. IIpHMeHHTeJIBHO )Ke K MaT- 
HHTHBIM 13(XTHM JIHHeHHBIX TOKOB, nOJiyHaiOIHHCCH pC'iyJIBTaTBI n03B0IMI0T yCTa- 

HaBJiHBaTB /jeHCTBHTenBHoe pacnpc/iciieimc 3/l.C b 3aMKHyTOM KOHType h onpe- 
.tcjisitb BeJiHHHHy h iianpaBJicimc BeKTopa BiixpeBoro sneKTpHHecKoro noun E B b 
jiio6oh npon3Boni>HOH TOHKe 3Toro KOHTypa, npuneM nonynaiomiiecji pe3ynBTa- 
tbi He npoTHBopenaT SKcnepn mc i i t an b i i bim iiaomo/icimsiM. ripuMciiHMOCTB >Ke 
H3BeCTHBIX cjjyHKimOHajIBHBIX 3aBHCHMOCTeH (4.86), (4.87) OKa3ajIHCi> OrpaHH- 
HeHHBIMH TOJIBKO CJiy'iaCM H3MCIIHIOIHHXCH MaTHHTHBIX nOHefi H(t) OT JIHHeHHBIX 
TOKOB, npHHeM 3THMH iaBHCHMOCTSIMH OKaiBIBaCTCSl B03M0)KHBIM OnpCJlCJIHTB 

toubko pe3ynBTnpyiomyio 3/)C b 3aMKHyTOM KOHType. 11 p c.tcK a 3 bi Ba cmoc >kc 
ypaBnciiHOM (4.87) pacnpcjicjicimc 3/l.C b KOHType He eooTBeTCTByeT SKcnepn- 
m eHTanBHBiM Ha6nio,neHHJiM. OflHaKO 6onee imipoKan npHMeHHMOCTB cjjyHKimo- 
H3JIBHOH 3aBHCHMOCTH (4.115) OKa3aJiaCB B03M05KH0H TOUBKO OJiarOTUipSI TOMy, 
hto npn ycTaHOBJieHHii BiaHMocBHiH BuxpeBBix 3JieKTpnHecKHx none!! C H3Me- 
HJHOmHMHCJI MaTHHTHBIMH nOJIUMH 6 bDI H3MeHeH KaK eaM (f)H3HHeCKHH noflxo/i, 
TaK h yHTcno cymecTBOBaHHe b npocTpaHCTBe okojio ,TBH'/Kymcrocsi iapn/ia, no- 
MHMO H3BeCTHOTO paflHajIBHOTO MaTHHTHOTO nOJM HJj), eme H HeH3BeCTHOTO 
paHee b HayKe aKCHanBHoro (cKajinpHoro) MarHHTHoro noun ITpn stom 

cnc/iycT eme otmcthtb, hto 6e3 yncTa cyinccTBOBaimsi y .TBHVKymcrocsi iapsuia 
aKCHanBHoro (cKanupHoro) MarHHTHoro nona H^t) npHMeHeHHe hoboto cj)H3HHe- 
ckoto no.Txo.Ta b ycTaiioBnciiHH BiaiiMocnsriH MOKjiy BHxpeBBiMH 3JieKTpiiHe- 
CKHMH nOJIHMH H H'iMCIISICMBIMH BO BpeMeHII MaTHHTHBIMH nOJIHMH OKaiBIBaCTCSl 
npmiHHniia.riBiio HeB03M0)KHBiM. B crssriH c 3 thm 6onee iimpoKasi npHMeHHMOCTB 
(JsyHKHHOHajIBHOH 3aBHCHMOCTH (4.115) MO)KeT paCCMaTpilBaTBCJI KaK eme OZJHO 
7ioKa3aTejiBCTBo peajiBHocTH cymecTBOBaHHsi y .TBiivKymcrocsi iapa.ia aKcnajiB- 
hoto (cKanapHoro) MarHHTHoro noun. 
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TjiaBa 5. CHCTeivia ypaBiieniiH hjih aKCHajibHoro (cKajiapHoro) h 

paAHajibHoro (BeKTopHoro) MarHHTHbix nojieft ABHacymeroca 3apsma 

(1980 r.) 


1. Tokh CMCiucima h MarHHTHbie nojia ABHacymeroca lapnja 


PaccMOTpiiM H3BecTHyio ciicTGMy ypaBHeHiiii MaKCBenna nun tokob nepe- 

Hoca 


div H = 0, (5.1) 

An 

rotH = —j n (5.2) 

c 


II TOKOB CMCIHCIIHH 

div H = 0, 


(5.3) 


471 . 

rot H = — j CM 
c 


(5.4) 


paBHOMepHO .iBiivKyirnixcfl lapa/iOB (v « c), 171 c 


4n 0E 

c dt 


(5.5) 


JSjisl peiuefflui ciictombi ypaBHeHiiii (5.1), (5.2) bboahtca BeKTopm>ni no- 
TeHiinaji A , Ha KOToptiil HaKJia/ibiBaioTca onpeneneHHtie ycnoBim: 

rot A = H, (5.6) 

div A = 0. (5.7) 

PemeHiie ace chctcmbi ypaBHeHiiii (5.3), (5.4) ncnocpe.iCTBCimo ncpci BeK- 
TopHBiil noTeHiinaji A OKaiBiBacTCH npiiHiiiimiajibHO HeB03MoacHbiM. Tojibko 
nocpc.icTBOM puna (|)op\fajiBHBix, no cBoeMy cymecTBy, MaTc\iaTHHccKnx npe- 
o6pa30BaHiiil [1, 2] y/iacTCH ynpocTHTb cucTeMy ypaBHeHiiii (5.3), (5.4) /io TaKO- 
ro BH/ia, KOTOpBlil npOCTO HCKJIIOHaCT TOKH CMCIUCIIHH H3 paCCMOTpCHHH. 




TnaBa 5. CiiCTeMa ypaBHeHHH rjisi aKcnajiBHoro (cKanapHoro) 
h pannauBHoro (BeKTopHoro 1 MarmiTHBix nonefi nBiracvmerocfl 3ap3na 381 

H3BecTHO [1,3-5], 'i to CiiCTeMa ypariiicnHii (5.1), (5.2) /iacT pemeHiie tojib- 
ko Rim o.Tiioro pa.THa.rihnoro (BeKTopHoro) MarHHTHoro nona H [6] 

h l =- Pj" X , R] dv. (5.8) 

c J R 3 

OopMajiBHLie npcoopaaoBanna chctcmbi ypariiicnHii (5.3), (5.4) TaioKe cbo- 
RfLTCfi k nonyneHnio «pemeHH3» tojibko Him ozjHoro paTHajiBHoro (BeKTopHoro) 
MarHHTHoro noun [1,2,6] 

H ± = —[v x E]. (5.9) 

c 

OyHKHHOHajIBHBie 33BHCHMOCTH (5.8), (5.9) RJ1SL paTHajIBHOTO MarHHTHoro 
nona H ± , b o6meM, 0Ka3BiBai0TC3 npuMcnuMUMH h tut 3 cnynaa o.THiio'inoro 
.TBHVKymcrocH sapa.Ta e [1,4], xora orpaiiHHCimocTB ycnoBiui (5.7) npn 3 tom 
o6meH3BecTHa [7]. B HacTHOCTH, t-m cnynaa othhohhoto TBiracymerocn 3apflT,a 
e, saK.aio'icnnoro b oobcmc 8V, yiHTBiBaa. hto noTBiirrerpajiBnoe BBipaaceHHe 
(5.8) He oy.TCT paBHO nynio toubko Jinn tohck npocTpaHCTBa BHyTpn o6BeMa 5 V, 
3anncB pemefflM (5.8) nerKO cbothtch k 3amicH (9), ecJiH nojio>KHTB 

j n 5K = (j n 8S)8I = j n 6/ = ov5 / = (o5/)v = ev, (5.10) 

prc o - THHeiiHa a nooTiiocTB iapa.Ta e; 8 1 - jiHHeHHBin pa3Mep iapapa e; 8S - 
ceneHiie 3apnTa e. noTCTaBJDra (10) b (8), ycTaHaBJiHBaeM 

H ± = ——r[v x R] = — [v x E] (5.11) 

cR c 


HJIH, B CKaJIHpHOM BH^e 

H ± = --^-sincp . (5.12) 

c R~ 

OTHaKO noTyneHHBie pemeHira (5.8), (5.9), (5.11), (5.12) jjjisi othoto Tuna 
MarHHTHoro noun Hj_ b ocHOBe cBoen oaiiipyioTca. Boo6me-To, Ha npcTCTaBJic- 
himx nenpHCM-TCMoro, c (])H3hhcckoh tohkh 3p c n h 3. npmniHna Taxi b i io.tc il ctbh 3. 
HTO MarHHTHBie n<)33 H HIITyHHpyiOTC3 TOUBKO TOKOM nepeHOCa TBH>KyiHCrOC3 
3ap3,Ta, vicvKTy TeM KaK peanBHo cymecTByiomHe T0KH cmcihciih3 TBHA'yirinxc3 
3ap3TOB nOJIHOCTBK) HCKJIIOHaiOTC3 H3 paCCM0TpeHH3. ECJIH )Ke OCIIOBBIBaTBC3 Ha 
6onee npneMneMBix, c c[)H3HHecKOH tohkh 3peHH3, npeTnocBiincax, hto MarHHT¬ 
HBie nOT3 TOT5KHBI HHTyUHpOBaTBCH TOUBKO T0K3MH CMeilieHIM TBHaCyiL[HXC3 
3ap3.TOB no npninmny 03 h 3 ko.t ciic tbh 3 [6, 8-10], to OKa3BiBaeTC3 ohcbh.tiioh 
HeoOxoTHMocTB nojiyneHira iienocpcTCTBcinioro pcnieiin3 cucTeMBi ypaBHeHHH 
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(5.3), (5.4) toubko 'icpca tokh cmciuciihh. Cuc/iycT otmcthtb, hto CHCTCVia 
ypaBHeHHH (5.3), (5.4), aHanoniHHO KaK h (5.1), (5.2), Boo6me-TO, TaioKe nerKO 
crio.THNia k ypaBHGHHio IlyaccoHa 

4tc 

AA =- j CM . (5.13) 

c 

H ecnn He pacKptiBaTt cMBicna Beicropa j CM nnoTHOCTH TOKa cMemeHiui, to 
mo>kho nonyHHTB h penieHne ypaBHemM IlyaccoHa (5.13) b Biixie (5.8), T.e. 

H =1 [ licM ^ R ] dv . (5.14) 

cJ R 3 

Pemefflie oto, KaK 6 bijio noKa3aHO BBirne (5.10), (5.11), oc'TacTCH cnpa b c/in hbbim, 

B HaCTHOCTH, H JSJIfl OflHHOHHOrO .IBH/KymCrOCH VdpHJl'd e. O.TIiaKO, eCUH y'ICCTB, 

hto BeKTop nHOTHOCTH TOKa cmcihciihh j CM /uifl onuno'inoro lapuna e, B006me- 
to, He coBiianacT c nanpaBucnucM BeKTopa j n njioTHOCTH TOKa nepeHoca 

jcM = j||+j±, (5.15) 


r^e j|| - cocTaBJiaiomafl BeKTopa nnoTHOCTH TOKa CMenjemra, napajuiejiBHaa BeK- 
Topy nnoTHOCTH TOKa nepeHoca j n ; j± - cocTaBjnnomafl BeKTopa nnoTHOCTH TOKa 
CMemeHHa, nepnemjHKyjmpHafl BeKTOpy nnoTHOCTH TOKa nepeHoca j n , to npa- 
Maa no^CTaHOBKa (5.15) b (5.14) 



[jn x R] 

R 3 



1 


[jixR] 
R 3 


dv 


(5.16) 


(J)OpMajIBHO npiIBO^HT K yCTaHOBJieHHK) B03M05KH0CTH cymecTBOBaHiui y flBH- 
vKymcrocH sapnna nayx TiraoB \ianmTiiBix noneil, a He onnoro, KaK 3to cnc/iycT 
H3 pemeHHH (5.8), (5.9) Hcpci o.tiih tokh nepeHoca. H xotji oKOHnaTenBHoro 
pcmcnna jsjia BBipaaceHHS (5.16) nonyHHTB He npencTaBnacTCH bo3mo>khbim H3- 
3a npHHHHnnajiBHBix otjihhhh b CBOHCTBax tokob nepeHoca j n h tokob CMeme- 
hhs j CM , (JiopMajiBHan cymHOCTB 3anncH (5.16) OKa3BiBaeTcn He jinmeHHOH onpe- 
/jeneHHoro c[)H3HHecKoro CMBicna. KaK noKa3BiBaioT cneunajiBHO npoBe^eHHBie 
HCcne.TOBaima tokob cmciuciihh h hx cbohctb [6,8-10], ohh tic ii ct b men b no 
cnocoOHBi HH^yunpoBaTB jipa Tuna MarHHTHBix noneil. 


2. Aivciia.ibiiafl h pa iiia n.iiaa KOMnoHCHTBi tokob CMemeHHH 


J\na MaTeMaTHHecKoro onucaHun o/inofipcMcimo nayx TiraoB MarHHTHBix 
noneil nBHA'yiricrocH lapa/ia h nna m aTCvtaT hh cc ko ro o 6 ocHOBaHHn peanBHOCTH 
cymecTBOBaHun, noMHMO H 3 BecTHoro pa/inaninioro (BeKTopHoro) MarHHTHoro 
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noira Hj_, eme h aKcnajiBHoro (cicajiapHoro) MarHHTHoro nona H\\, paccMOTpiiM 
B03M05KH0CTB 3anHCH HOBOH BH.30H3MCIICimOH H HOnOJIIlCIinOH CHCTCMBI ypaB¬ 
HeHHH, B3aMeH H3BecTHOH CHCTeMti ypaBHeHHH MaKCBenna (5.1), (5.2) h (5.3), 

(5.4) . J\nn .nocTH/Kcnna yK33aHHOH iiciih ocTaHOBHMCJi Ha 6onee no/ipoonoM 
a i ran me ypaBiiciina b sanucn (5.2) h (5.4). Ilpeayte Bcero, cnc/iycT o6paTHTB 
BHHMaHHe Ha jibho napa^oKcanBHyio HesKBHBaneHTHOCTB ypaBHeHHH (5.2) h 

(5.4) McvK.iy co6oh, HecMorpa Ha to, hto pe3ynBTaTBi pcmeiiHa nrsyx cucTeM c 
3 thmh ypaBHeHiMMH b BHZje (5.8), (5.9) ansi cJiynaa, HanpHMep, oxtHHOHHoro 
ZlBiiacymeroca 3apa;ia e (5.11), (5.12), KaK sto 6bijio OTMeneHO BBirne, CBOttaTca k 
o,t no mv h TOMy ace BBipa)KeHHK) Jinn BeKTopa MarHHTHoro nona H, KOTopoe 
M05KH0 3anHCaTB B BH/IC 


H = ——r[v x R] . (5.17) 

cR 3 


H 3 c.THncTBcnnocTH pe3ynBTaTa (5.17) jinn BeKTopa MarHHTHoro nona H 
cucTeM ypaBHeHHH (5.1), (5.2) h (5.3), (5.4), b 'iacTiiocTH. iicnocpencTBcrmo 
cnettyeT, hto BeKTopBi MarHHTHoro nona H (5.17) b jicbbix nacTax ypaBHeHHH 
(5.2) h (5.4) TaioKe npeziCTaBJiaioT co6oh o.thii h tot ace bcktop H (5.17). Ecjih 
ace 3 to Tax, to o.Tiia h Ta ace onepauna porapa, npuMcncimaa k on no My h TOMy 
ace BeKTopy H b (5.2) h (5.4), nonacHa np hbo.thtb, ohcbh.tiio, k TOVK.TCCTBCimBiM 
pciynBTaTaM. T.e. k ycTanoBncimro hoboto BCKTopa rot H, nanpaBneriHC KOTopo- 
ro, no oTHonieHHio k ncxonnoNiy BCKTopy H, nonacHo ocTaBaTtca Hen3MeHHBiM. 
Ho b TaKOM cnynae ToacnecTBeHHO cxoacne neBBie Haem ypaBHeHHH (5.2) h (5.4) 

TtOJDKHBI npC.TCTaB.THTB C 060 H, OHCBH.TIIO, H TOVK.TCCTBCimO SKBHBajieHTHBie no 
iianpaBncrmro h BenHHHHe bcktopbi rot H. H 3 TOVK.TCCTBCimoH SKBHBaneiiTiiocTH 
neBBix HacTcii ypaBHeHHH (5.2), (5.4) nenocpcncTBcnno cnc/iycT iicooxo.thmoctb 
HajIHHHa aHajIOTHHHOH SKBUBanCIITIIOCTH H MCVK.Ty BeKTOpaMH j n H j CM npaBBIX 
'iacTcil 3thx ypaBHeHHH. OmraKO H3 onpeneneHna bcktopob j n h j CM 

j" ( 5 - 18 ) 


j 


CM 


1 5E 

4tc dt 


(5.19) 


bh^ho, hto HanpaBJieHHe BeKTopa j n njiOTHOCTH TOKa nepeHoca Bcer/ja coBna^a- 
eT c HanpaBJieHHeM ^BH^cemw 3ap&A0B e h Me^K^y TeM KaK HanpaBJieHHe BeKTopa 
j CM njiOTHOCTH TOKa CMemeHH^ RIM O^HOH H TOH >Ke CHCTeMBI 3apa^0B Yj^i b pa3- 
hbix TOHKax npocTpaHCTBa MO)KeT HMeTb BecbMa npoH3BOJii>Hoe HanpaBJieHHe. 
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Oco6eHHO iiama/ino sto bh.tiio jinn cnynaa .tbh/Kciihh o/n-ino'inoro 3apjma e, 
rjisl KQToporo HMeeM 


j n = ev5(r' - r 0 ), 


(5.20) 


J CM 


J_0Eo 
471 dt 


(5.21) 


CornacHO (5.20), Beicrop j n nnoTHOCTH TOKa nepeHoca coBna^aeT c HanpaB- 
neHHeM BeKTOpa ckopocth y 3apa^a e n npH y = const hbjihctcm bcjihhhhoh no- 
CT05IHH0H KaK IIO HanpaBJieHHK), TaK H no BeJIHHHHe, MOK,Zjy TeM KaK BeKTOp j CM 
nnoTHOCTH TOKa CMemeHna jx Jifl pa3HBix ToneK npocTpaHCTBa b 3tom )Ke cjiynae 
onpe^enaeTca Bbipa)KeHHeM [6, 8-10] 


J cm J|| + J_L 


ev(3cos 2 tp- 1 ) 


3evsin(pcosm 

4nR 3 

x 0 + 

[ J 


(5.22) 


Cne/iOBaTenBHO, ecnH .nonycTHTb, hto ypaBHeHHe (5.2), HanpiiMep, cocTaB- 
neHo BepHo, to motkho y>Ke 33 bc,tomo VTBcp>K,TaTB. hto ypaBHeHHe (5.4) npOCTO 
He npc.TCTaBHHCT co6oh ,Ta>K'c paBeHCTBa, TaK KaK neBaa ero nacTt He paBHa npa- 
boh. To >Ke caMoe movkiio cKa3aTB h oTHocHTentHo ypaBHeHHM (5.2), ecnn tojib- 
ko /(onycTHTB, hto ypaBHeHHe (5.4) cocTaBJicno BepHo. Jinn toto >Ke, hto6bi 
oziH03HaHHO OTBeTHTt Ha Bonpoc, KaKaa >Ke npaBafl nacTB ypaBHeHHH (5.2) h 
( 5.4) cucTeMBi MaKCBenna yzjoBJieTBopaeT ee neBOH nacra, onpezienHM 
oncpaiiHio rot H ot onpenencnnoro sthmh >Ke CHCTeMaMH ypaBHeHHH BeKTopa 
MarHHTHoro nona H (5.17) Him cnyna a ozihhohhoto xiBiDKymeroca 3apjma e. 
HeTpy.Tiio noHJiTt, hto h ,nnn cnyHaji chctcmbi H3 .TByx, Tpex h t./i. BapsnoB e,- 
oncpaima rot H b hcbbix nacrax ypaBHeHHH (5.2) h (5.4) .TonvKiia np hbo.thtb k 
TOTKT jecTBeHHBiM pe3yjn>TaTavf. BbiSupa a /iCKapTOByio CHCTeMy Koop/u-maT c 
ocbk) x, HanpaBJieHHOH no nanpaBncimio /ibhvkciihh sapana e, h pacnucbmaa 
oncpaiiHio poTopa no naCTHMM npoHiBOHiiBivi, 6y;ic\i HMeTB 


rotH = 


dH , 8H v 


Dy 


dz 


dH r dH. 


dz 


dy 


iy 0 + 


dH v dH 


dx 


dy 


(5.23) 


IIpHHHMan bo BHHMaHHe iianpaBnciiHC BeKTopa MarHHTHoro norm H (5.17) 
b TOHKe N(x, y = 0, z) 


H = 


ex sin 9 

cR 2 


yo = 



(5.24) 


hjih no KOMnoHeHTaM 
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H x = 0, (5.25) 


H y = 


evz 


c(Jx 2 + z 2 ) 3 
H : = 0, 


ana BBipaacemia (5.23) nonyniiM 


rot H = - - 


dH„ dH„ 


dz dx 


(5.26) 

(5.27) 

(5.28) 


IloacTaBnaa (5.26) b (5.28) h npon3Boaa aHcjxjiepeHHHpoBaHHe, OKOHHa- 
TentHO ycTaHaBnHBaeM 


rotH = 


ev(3cos“(p -1) ev 


cR 


cR 


Xa + 


3ev sin tp cos cp 

cR 3 


(5.29) 


IloMHoacHB h noaenHB npaByio nacTB (5.29) Ha 4ji, 3annnieM ee b BHae 


4ji 

ev(3cos 2 cp-l) ev 

4n 

3evsincpcos(p 

c 

4nR 3 4nR 3 

x 0 

c 

4nR 3 


(5.30) 


H 3 cpaBHeHna npanoii hbcth (5.30) c (5.22) o6HapyaciiBaeM, hto Beicrop 
rot H mo)kho npeacTaBHTt b Bnae pa3H0CTH anyx BeKTopoB j CM h j" M 


,, 4n . 4k 
rot H = j CM - — 
c c 


ev 


4tt R* 


_ 471 . . n \ 

r0 — vJ cm J cm ' 5 


(5.31) 


oaHH H3 KOToptix j CM npeacTaBnaeT coooii He hto HHoe, KaK BeKTop nnoTHOCTH 
TOKa CMemeHiia j CM (22) b tohkc HaOmoaeHiia N (x,y = 0, z), HanpaBneHHe koto- 
poro He coBnaaaeT c HanpaBneHiieM BeKTopa nnoTHOCTH TOKa nepeHoca j n (20) 

aBHacymeroca 3apaaa e. /Ipyroii BeKTop j" M npeacTaBnaeT co6oh nnoraocTB 
TOKa CMemeHiia onaTB ace b TOHKe HaOmoaefflia N (x, z), HanpaBneHHe KOToporo 
npoTHBononoacHO BeKTopy nnoTHOCTH TOKa nepeHoca j n (5.20) asuacymeroca 
3 apaaa e. BnonHe noHaTHO, hto pe3yntTHpyiomHH BeKTop (j CM - j” M ) (5.31) He 
6 yaeT coBnaaaTt no HanpaBneHHio hh c BeKTopoM nnoTHOCTH TOKa nepeHoca j n 
(5.2), (5.20), hh c BeKTopoM nnoTHOCTH TOKa CMemeHiia j CM (5.4), (5.22). OTKyaa 
MoacHO caenaTt yace OKOHHaTenBHBiH BBiBoa, hto o6a ypaBHeHiia (5.2) h (5.4) H3 
cucTeM ypaBHeHHH (5.1), (5.2) h (5.3), (5.4) He npeacTaBnaioT co6oh aa>Ke ypaB- 
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Heroin, a hbjuhotcji npocTO HepaBeHCTBaMH, y KOToptix neBBie Haora hh no Be- 
JIHHHHe, HH no HanpaBJIOHHK) He paBHBI npaBBIM HaCTHM. 

BtoGbI nOHUTB (j)H3HHeCKHH CMBICJI TOKa CMemeffllH j" M B (5.31), o6paTHM 
BHHMaHne Ha tot cj)aKT, hto pe3ynBTHpyiomHH tok I p [6] nepei ruiocKyio no- 
BepxHOCTB So = kR~, h c pne ii.thK yi h pnyio k nanpaBicnino ibh'/Ktiihsi iapa.ia e h 
ncpcccKaiomyio ero, onpeieinieTcn BBipa>KeHHeM (cm. puc. 12) 

( 5 - 32 ) 

pic 7 n - tok nepeHoca nepei noBcpxnocTB So, I' CM - o6parai>iH tok cMcmcnna 
'icpci nOBepXHOCTB .S'o. H3 3aKOHa 3aMKHyTOCTH TOKa Ip CJICiyCT, HTO eCUH KOH- 
Typ Z = 2kR. orpaHHHHBaiomHH njiocKyio noBcpxnocTB .S'o , orpaHHHHBaeT eme h 
ipyryio KpHByio noBepxHOCTt S, to cyMMapHtro tok CMemerom / CM || nepe3 no- 
BepxHOCTt S no-npemieMy noi'/Kcn ocTaBan.cH BeJiHHHHOH ncHiMennoii 11 paB- 
hoh TOKy/ p (5.32) 



(5.33) 


B nacTHOM cnyHae, ecjin KpiiBOH noBepxHOCTtio S' 6yieT hbjmtbch nony- 
c(|)cpa pa.THyca R. to ihh cpcmicii njioraocra TOKa cvicmcnim j' CM nepei noBepx- 
hoctb S’ nojiyccjiepBi nonyHHM 


^ cm || _ ev 
2nR 2 4 k i? 3 ’ 


(5.34) 


HTO nOJIHOCTBK) 3KBHB3JieHTH0 (3a HCKIHOHCIIHCM 3HaKa) BBipa5KeHHK) ,11H njIOT- 

hocth TOKa cMemeHiM j” M (5.28) 


• n 
J CM 


ev 

4t xR 7, ' 


(5.35) 


IlpHHHMaH BO BHHMaHHe, HTO 1JIH o6paTHOTO CyMMapHOTO TOKa CMemeHHJI I" CM 
nepe3 BHeuiHioio noBcpxnocTB S", npi-iMUKaiomyio k noBepxHocra .S'o, HMeeM [6] 


/ 


rr 

cM ll 


ev 
2 R ’ 


(5.36) 


hto no BeiHHHHe coBnaiaeT c tokom CMemeroin / CM y (5.33), a no HanpaBJieroiio 
npoTHBonoioKHO eMy, to aHajiorHHHtie paccyiKieroiH HaBOiHT Ha mbicjib, hto 
niOTHOCTB TOKa CMCIHCIIH1 j" M (5.35) MO)KeT COOTBeTCTBOBaTB cyMMapHOMy 
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o6paTHOMy TOKy CMemeHini /" CM nepe3 nonyc(J)epy S', KOTopBin, o^HaKO, He npn- 
HHMaeT y*e ircnocpcncTBcnnoro ynacTna b Hii.iyKiiHH \ianmTiioro noira H (17). 
Cpc.TiiHH >Ke nnoTHOCTt o6paTHoro TOKa cmciuciihm 7” cm (5.36) ncpci noBepx- 
hoctb nonycc|)epBi S' onpeaenHTCJi b 3tom cnynae aHanornHHtiM (5.34) BBipaace- 
HHeM 


• n 

J CM 


T n 

fcM|| 

2j iR 2 


ev 

4 nR 3 ’ 


(5.37) 


hto nonHocTBio y>Ke eooTBeTCTByeT (5.35). 

B to *e BpeMJi, ecjiH b (5.32) h (5.33) pa^nyc R ycTpeMHTB k pa^nycy r 0 
japa/ia e, to movkiio o6Hapy>KHTB [6] 


Ip ^Cm|| 


ev 
2 r n 


(5.38) 


hto pe3yni>THpyio]HHH tok I p (5.32) h cyMMapHBin tok cMemeHim I CM y (5.33) KaK 
no BenHHHHe, Tax h no nanpaBncimio OKasBiBaioTCH tovkhcctbciiiibimh TOKy ne- 
peHoca I n sapana e 


8q _ ev 
5 1 2 r 0 


(5.39) 


OnnaKo. ecnn to *e caMoe npo/ienaTB n c BBipa>KcnHCM (5.36), T.e. nono- 
>khtb R = r 0 , to 6 y/iCM hmctb 


ev 

/; M ||=- —, (5.40) 

Z7 0 

hto paBHO no BeJiHHHHe n npoTHBononomio no iiiaKy TOKy nepeHoca I n (5.39) 
iapa/ia e. TaKHM o6pa30M, MOK.Ty npjiMBiM tokom (5.32), (5.34), (5.38) n o6paT- 
hbim tokom (5.36), (5.37), (5.40) nepe3 nioSyio paccMaTpnBaeMyio nonyc(J)epy S' 
BCCITia MO)KHO yCTaHOBHTB nCnOCpC.TCTBCimOC KOJIHHeCTBeHHOe COOTBeTCTBHe, n 
BeKTopy nnoTHOCTH TOKa CMememni j” M 5.35), (5.37) b jiioSoh TOHKe npocTpaH- 
CTBa Bccryia MO>KeT 6 bitb npoTHBonocTaBJieH BeKTop njioTHOCTH TOKa nepeHoca 
j n 'iapn/ia e. B nacTHOCTH, Ha noBepxHOCTH 6 .S' pannyca r 0 iapa/ia e tut a rnioTHO- 
cth tokob CMCineiiHa j' CM n nepeHoca j n (j' CM = j„) n tut a itjiothocth o6paTHoro 
TOKa CMememni j" M ycTaHaBJinBaeM 
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J cm Jn 


I 


e\ 


IjZTn 4 jwl 


I" II 

cm !I 

2jl7'n 


e\ 

4ni'n 


(5.41) 

(5.42) 


HecMorpn Ha to, hto \ic>K,Ty npnMBiM tokom 7 p (5.32), (5.33) h oopaniBiM 
j" M (5.36), (5.40), a TaK>Ke, cooTBeTCTBeHHo, Me>KAy BeKTopoM hjiothocth npn- 
moto TOKa j' CM (5.34), (5.41) h o6paTHoro j" M (5.37), (5.42) HMeeT Mecra 

KOUHHeCTBeHHaa SKBHBajieHTHOCTB II (JlOpMajIBHO B03M02KH3 3aMeHa B npaBOH 
nacTH ypaBHefflui (5.31) BeKTopa nnoTHOCTH o6paTHoro TOKa cmciuciihm j” M Ha 

BeKTop nnoTHOCTH TOKa nepeHoca j n , o.inaKO, c (|)H3H'iccKoii tohkh ipcnnsi. ot- 
JIHHHe MC/K/iy 3THMH T0K3MH OKaiBIBaCTCH CymOCTBOHHBIM. HailOOUCC HariMAHO 
3TO OTJIHHHe npOflBJIfleTGfl B TOM, HTO MaTHHTHOe nOJie H Hn.iyilHpyCTCH TOUBKO 
np^MBIM TOKOM 7 p , 7 CM y, Me)KAy TeM KaK o6paTHBIH TOK CMemeHHH /" CM || B HHflyK- 
HHH MarHHTHoro non h H He npHHHMaeT ynacTHJL IIpHcyTCTBHe 5Ke BeKTopa 
nnoTHOCTH o6paTHoro TOKa CMCineiiHH j" M b npaBOH nacTH ypaBHefflui (5.31) 
MO>KeT COOTBeTCTBOBaTB TOUBKO TOMy BeCBMa HHTepeCHOMy (jiaKTy, HTO B HH- 
ZiyKHHH pa/inajiBHoro (BeKTopHoro) MarHHTHoro noun H npuniiMacT ynacrae He 
BeCB TOK CMemeHIM 

/cM-JjcM^S, (5.43) 


a TOJibKO ero nacTt: 


M 


CM 



- J'cm) 4S . 


(5.44) 


3. IIojiHaH encTeMa ypaBHeHHH ajih aKCuajitHoro (cKajiapHoro) h 
pa^HajiBHoro (BeKTopHoro) MarHHTHbix nojieii ABHacymerocn 3apsiAa 

Ooooman npoBC/icmiBic BBirne Hccne,noBaHHn, b kotopbix o6napync h b a e t c n 
nBHan orpaHHHeHHOCTB AHcjxjiepeHHHajiBHBix ypaBHeHHH MaKCBenna b 3anHCH 
(5.2), (5.4) Him MarHHTHoro noun Hj_, mo>kho CAenaTB ynce OKOHHaTenBHBiH bbi- 
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Bon, hto Him ozjHoro pannanBHoro (BeKTopHoro) MarHHTHoro nona H ± nn<i><i>e- 
pennHajibiruM ypaBHeHneM MoneeT 6 bitb toubko ypaBHemie Buna 

rotH ± = ——(j CM - j" M ) • (5.45) 

c 

3annci> nee cucTeMBi ypaBHeHHH MaKCBenna (5.1), (5.2) nepe3 BeKTop nnoT- 
hocth TOKa nepeHoca j n h chctcmli ypaBHeHHH (5.3), (5.4) ncpca BeKTop nnoT- 
hocth TOKa CMcmeiiHH j CM , a TaKnee iicnonbiycMaa b nHTepaType 3annGB ypaBHe- 
hhji MaKCBenna onnoripcMcimo h ncpci tok cmciuciihh h ncpci tok nepeHoca, 
cncnycT cHHTaTb npocTo HeKoppeKTHoil. OmiaKo, cncnyeT oopaniTb BHHMaHHe 
Ha tot (J)3kt, hto CHCTeMa ypaBHeHHH MaKCBenna (5.3), (5.4), janiicainiaa Hcpci 
tokh cMemeHHJi j CM , KaK oTMcianocb Bbirne, He HMeeT irenocpcncTBc11noro pe- 
niefflM nepe3 tokh cmciuciihsi cornacHo hjbcctiibim MCTonavi. Meneny TeM KaK 
ycTaHOBneHHan yTOHHeHHaa 3anncB ypaBHeHiia (5.45) onaTB OKa3anacB BBipa- 
)KeHHOH TOntKO Hcpci O.TIIH TOKH CMCIUCIIIDT. 3 t 0 COOTBeTCTByeT TOMy, hto pe- 
uieHHe cucTeMBi ypaBHeHHH Buna 

div H ± = 0, (5.46) 

471 

rotH ± =—(j CM -j" M )> (5-47) 

c 

cornacHo hbbcctiibim MCTonaM, TaKnee ocTaeTca HeB03MoneHBiM. Bonee toto, 
nonyHeHHan yTOHHeHHaa CHCTeMa ypaBHeHHH 5.46), (5.47), cornacHo, omtb nee, 
H3BecTHBiM MCTonavi, Boodme He npHBo/iHTCH k ypaBHeHHio riyaccoiia, Meneny 
TeM KaK HMeHHO H3 cucTeMBi ypaBHeHHH BH.Ta (5.3), (5.4), (|)op\ianBno npiiBe- 
TieHHOH k ypaBHeHHH) IlyaccoHa (5.13), cncnonana bobmovkiioctb cymecTBOBa- 
hhs nfiyx TiinoB MarHHTHBix rioncii y nBnneyirinxcfl 3apanoB. Xora, onaTB nee 
napa/ioKC, H3 caMOH lanucn cucTeMBi ypaBHeHHH (5.3), (5.4) bo3mo>khoctb cy- 
mecTBOBaniiH nfiyx TiinoB MarHHTHBix noneii iaBcnovio ncKnio'iacTcsi. Eme do¬ 
nee CTpaHHBiM napanoKcovi ABnaeTca to, hto aancnoMO omndoHHas aamicb chc- 
TeM ypaBHeHHH (5.1), (5.2) h (5.3), (5.4), KaK oto He yniiBHTenBHO, b CBoeM pe- 
ineHHH npHBOflHT k npaBHnBHBiM KOHeHHBiM pe3ynBTaTaM nnn pannanBHoro 
(BeKTopHoro) MarHHTHoro nona H . Oniiaxo paccMorpeHHBie BBirne pa3niiHHBie 
TpynHocTH h napanoKCbi b coBpeMeHHoii nneKTpo,n h11 a\i hk c He aBJiaioTca cny- 
HaiiHBiMH. KpoMe nepeHHcneHHBix, hmcctch eme h pun npynix. He MeHee crpaH- 
hbix h napanoKcanmibix, KOTopBie MoryT c b n,ne t cnbc tbob a ti> codon TonBKo o 
TOM, HTO COCTOUHIie COBpeMeHHOH KHaCCHHeCKOH M C KT p 0 H HII3 MIIKII HHK3K 
HenB3n npH3H3TB ynoBneTBopHTenBHBiM. HanienuiHe b (j)H3HKe b nocnenHiie 80- 
100 neT HCKnioHHTenBHO mnpoKoe npiiMeHemie cjiopManBHO-MaTeMaTHHecKHe 
MCTonbi onncanna aBneimii peanBHoil ncii ctbHT cnb1 10 cth. nonynapi-naniia a6cT- 
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paKTHBIX MCTOpOB pePHTHBHCTCKOH 3Pe KTp O P HII3MH K H H TeOpilH OTHOCHTeJIBHO- 
CTH HaCTOJIBKO OTBJieKJIH BHHM3HHC (j)H3HKOB OT npo6neM KJiaCCHHeCKOH 3JICK- 
TpOCT3THKH H 3P C K Tp O P H113MHKH, HTO KPaCCH'ICCKOC HaCJiepHe B SJieKTpOPHHa- 

MHKe co BpeMeH AMnepa, Oapapeii, MaKCBenna, Jlopcima. Fcpiia hmcct cboh 
npaKTunecKH nepBoipaniiBiii bhp biijiotb po Haimix piicii. Ocoocimo mhoto He- 
pemeHHBix npoopevi 6bijio h ocTacTca po nacTOPincro BpeMetm c bbipchchhcm 
(j)H3HHeCKOH CyipHOCTH yCTaHOBJICHHBIX elite B npOinPOM BeKe OCHOBHBIX MaTe- 
MaTHHecKHX (|)ynKHHOiiapiPiBix 3a bh c hmoct e ii h ypaBiicniiii 3Pc k ppop h na m hkh . 
H b iiia'iHTCPBnoH Mepe 3Toviy cnoco6c tbob apo coBpeMeHHoe 3aKocTencpoc 

npCPCTaBPCHHC O IICBMOPCMOCTH OCHOBHBIX ypaBHeHIIH 3PCKTpOpHIIaMIIKH MaK- 
CBCPPa. Bnop iic ecTecTBeHHo, hto naKoniiBincccH po iiacTOPinero BpeMeHH 3Ha- 
HHTePBHoe KOPH'iecTBo HepemeHHBix npoopevi b KPaccii'iccKoii 3PCKTpopnnaMn- 
Ke, MHoroHHcneHHBie TpypiiocTH h napapoKCbi, oOHapyrniBaeMBie npn onncaiinn 
pa3PHHHBIX 3PCKTpOMarimTIIBIX PBPCIIHH. npiIBOPHT K BBIIiyVKPCIlIloii IICOOXOPH- 
MOCTH OTBICKailHP K3KHX-T0 HOBBIX pOnOPIIHTCPBIIBIX ypaBHCHHH, KOTOpBie nO- 
3BOHHJIH 6 bI, C MaTCMaTII'ICCKOii TO HKH ipeilHP, P0CT3T0HH0 OOOCIIOBailllO H Kop- 
peKTHO onucBiBaTB 3P e k t p o m a r 11 h t 1 11 > i e hbpciihh pcapbiioii p c ii ct b h tcp b 11 o ct h . B 
CBJI3H C 3THM, PPH n OP 110 TO OnHCailHP HBPCIIHH 3PC KT pO M 3 TII CT Hi M3 OKaibIBaCTCH 
HeoOxopHMBiM oTBicKaHHe hoboh 6onee nonHoii chctcmbi pnc|x[)epeHHHajiBHBix h 
HHT erpajiBHBix ypaBHeHiiii ppcKTpocTaTHKii h sp c kt po p hii a m h k h . 

Hcxopa H3 o6me<|)HPoco(|)CKoro h o6mei|)H3HHecKoro aHajnm h o6o6me- 

HHH MIlOrO'IHCPCHIlBIX TCOpCTH'ICCKHX H 3KCnepHMCHT3JIBHBIX (|)aKTOB B OOPaCTH 
3JieKTpOMarHeTH3Ma [6,8-10,11], BBIPCIieiHIP PCHCTBHTCPBIIOH (|)H3HHCCKOii 
CymHOCTH HBPCIIHH 3P C KTp O M 3 T11H T110II HIIPYKHHII H H3 aHajIH3a o6lHHX CBOHCTB 
tokob cMemeiiHP h tokob nepeHoca, a TaioKe ocHOBBiBancB Ha o6ihc([)H3H'icckom 
o6ochob3hhh bo3mo>khocth cymccTBOBaimp y pBHVKymuxcp sapppoB payx bh- 
poB MarHHTHBix noneH, pjia nonHoro onucaHHJi MarHHTHBix noneii pBiDKymerocii 
iapppa e npepparacTca Biipoimiciieimafl h ponopiieimap cHCTeMa ypaBHeHiiii b 
BHpe 


div Hi = 0, 


rot Hi = —(j CM -j”J, 

c 


-grad H n = —j CM , 

c 

1 5E 

JcM _ 4rc "sT ’ 


(5.48) 

(5.49) 

(5.50) 


(5.51) 
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jcM=-^, (5-52) 

4nR } 


r^e Hi - BeKTop pa/jHajitHoro MarHHTHoro noun b tohkg HaSnio^eHHJi; H - CKa- 
mip aKciiajiBHoro MarHHTHoro nona b tohkg HaSnio^eHHJi; j CM - BeKTop nnoTHO- 
cth TOKa CMcmcnna b tohkc Ha6ino,neHHJi; j" M - BeKTop nnoTHOCTH o6paTHoro 
TOKa cMcincima b tohkc HaSnio^eHHJi. 


4. MeTOflbi pciuciiiin no.moii chctcmm iii(|)(|)cpciimia.ii.in.ix 
ypaBHeHHH 3JieKTpOflHHaMHKH. 

^jia pemefflui cucTeMti ypaBHeHHH (5.48)-(5.52) H3BecTHtiMH MeToztaMH 
BBe/ieM BeKTopHBiH noTeHiinaji A, ana KOToporo, b npoTHBononoTKHOCTB (5.6), 
(5.7), mtokho Tenept nonomiTt 

rot A = Hi, (5.53) 

div A = H,|. (5.54) 

flonymeHHe (5.54) BnonHe odocHOBaHO, TaK KaK .hjiji ozihhohhbix flBHTicy- 
miixcn 3apnaoB div A ^ 0 [7]. YcnoBiie (5.48) ocTaeTcn cnpaBe/tHHBtiM 

rot div Hi = 0. (5.55) 


IloacTaBJiM (5.53), (5.54) b (5.49), (5.50), HaxoztHM 


4 71 . 471 

rot rot A = j CM H j CM , 
c c 


(5.56) 


4ti 

grad div A = —j CM . 

c 


(5.57) 


IIpHHHMan BO BHHM3HHe, HTO /piH ^BOHHOrO ZtH(j)(|)epeHIIHpOBaHH5I B (5.56) 
HMeeM 


rot rot A = -AA + grad div A, 
nepennuieM (5.56), (5.57) b BHjje 

471 471 

-AA + graddivA = —j CM +—j" M , 
c c 


(5.58) 


(5.59) 
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grad div A = —j CM . 

c 


(5.60) 


H 3 (5.59), (5.60), BLiHHTaa H3 nepBoro BBipa^ceHHa BTOpoe, JierKO ycTaHaB- 

jiHBaeM 


AA = - — j" M . (5.61) 

c 

MaTeMaTHnecKaa cymHOCTb nojiyneHHoro ypaBHemra IlyaccoHa b 3anHCH 
(5.61), OTpa^caiomeM (JjyHKijHOHajiBHyK) B3aHMOCBA3b BeKTopoB Ah j” M , cbo- 
X htca k TpHBHajibHOMy petLieHHK) ero B BH^e 


A = — 

c 


Ik 


dv' 


r - r 


(5.62) 


r/ic A - oThi c kh b ac \t a h BCKTopnan (])ynKi[Ha b tohkc iraonio/icnnsi; r' - BeKTop 
tohkh, r/ic aapaiia BCKTopnan (jjyHKUjra j n CM ; r - BeKTop tohkh HadjifOACHHa. 

Cnc/iycT oTMeTHTt, hto peineHiie chctcmbi ypaBHeHHH MaKCBeiuia b bh.tc 
(5.1), (5.2) npn AonynjeHHH (5.6), (5.7) TaioKe, b odipeM, cbojihtcji k ypaBHeffliio 
IlyaccoHa (5.61) h k ycTairoBncimio HTieim-i'nioH (5.62) (|)ynKHHOiia.riBnoH B3an- 
MOCBJI3H BeKTopoB A H j n , T.e. 



c 


J 


L dv ' 

l r -r'| ' 


(5.63) 


O.TIiaKO BBH.iy Toro, HTO <j>H3HHCCKaS CyimiOCTB BeKTopoB j" M H jn B (5.62) 
h (5.63) OKasBiBacTCH y>Ke cymecTBeHHO pa3JiHHHOH (ohh OTJiHHaioTCJi He tojibko 
< j)H3HHeCKHM CO/lCp'/KailHCM, HO H MeCTOM JTOKajTH jailHH B npOCTpaHCTBe), TO, 
Ka3ajiocb 6 bi, HjjeHTHHHbie 3aBHCHMOCTH (5.62), (5.63) npHBO/prr k npiiHunnH- 
ajiBHO OTJiHHaioHiHMCJi pe3y:n>TaTaM. TaK KaK (j)opMai[H3M 3anncn ypaBHefflM 
IlyaccoHa b Biiae (5.61) h ycTaHOBHBUiHeca npexiCTaBJieHHJi o (JiopMajibHOH 
cymHocTH ero pemeHHJi b BH,ne (5.62), (5.63) rpedyioT BnonHe onpeaeneHHbix 

(|)Op\TajTBIIBIX )Ke CBOHCTB BCKTOpHOH (jjyHKHHH j, HTO npOH3BC,TCIIHC ee ilia'ICUHSl 
j, b TOHKe r,- Ha sneivieHT 5 v, 

j,5v, = 5i,5/ (5.64) 

jjoidkho onpe.TCJTflTB no npi-mnnny aanbHo^eHCTBiM ojicmcht 5A, BeKTopa A b 
TOHK e iraOTiio/ieiiHyi r 
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i 8v 

8A - =-^—(5.65) 

I r - r i I 

to yKa3aHHL>ra (J)opMajiH3M ypaBHeHHH Ilyaccoiia h ero pemeHHH naxoiHT y/ioB- 
jieTBopHTejiBHoe corjiacne tojibko co cBoncTBaMH BeKTopHon (|)ynKHJ-m j n TOKa 
nepeHoca. O611apy vk h b a e mb i e nee cBOHCTBa BeKTopHon (jiynKHH h j" M TOKa cMe- 

meHHH OKaibinaioTCH TaKOBti, hto OKOHHaTentHoro pemeHHH (5.62) H3BecTHtiMH 
MeTojjaMH nonyHHTB y>K'c He yiacTCH. B CBH3H c yKaianiiBiMH o 6 c tohtcji b c tb a- 
mh, .hjih Btixo/ia H3 3aTpyz(HHTeiii>Horo noJio)KeHHH h noJiyneHHH npneMneMoro 
pemeHHH hjih (5.62), b coraacHH c 4>opMaiiH3MOM pemeHHH ypaBHeHHH IlyaccoHa 
(5.61), npeflCTaBJiHeTCH bo3mo>khbim jih6o cjjopMajiBHO npHBecTH cbohctb3 tokob 

CMemeHHH j'' M , ji0KajiH30BaHHBix bo BceM OKpyncaiomeM ^BHHcymHHCH 3apHH 
npOCTpaHCTBe, K CBOHCTBaM TOKOB nepeHoca jn , JI0KajIH30BaHHBIX B TOHKe Ha- 
xo>KzieHHH iapn.ia e, jih6o Boo6me OTKaiaTBCH ot H3BecTHBix mcto.tob pemeHHH 
hjih ot pemeHHH chctcmbi ypaBHeHHH (5.48)-(5.52) nepci BCKTopiiBiii noTeHUH- 
an A. KaK oy.TCT paccMOTpeHO HHHce, 3amicB CHCTeMBi ypaBHeHHH b bh.tc (5.48)- 
(5.52) npeacTaBUHeT bo3mo>khoctb BBi6opa KaK ozjhoto, TaK h apyroro nyra 

npCO.TOHCHHH yKa33HHBIX Tpy.TIIOCTCH. 

flonycTHM, HanpuMep, hto c uentio y .tob jt c t b o p c ii h h H3BecTHOMy (|)opMa- 

jiH3My pemeHHH ypaBHeHHH IlyaccoHa (5.65) BeKTop j” M b 3anncH (5.62) cjjop- 
M3JIBHO Oy.TCT COOTBCTCTBOB 3 TB He BeKTOpy njIOTHOCTH TOKa CMemeHHH B TOHKe 
iiaO-Tio.TCiiHH r, a npoTHB onocTaBjine mom y eMy BeKTopy njIOTHOCTH TOKa nepe¬ 
Hoca jn B TOHKe HaXOHCTieHHH .TBHVKymCTOCH 3apH,T3 e. KaK 3TO 6tIJIO y>KC OTMe- 
neHo BBirne, noiooiroc eooTBeTCTBue .tchctbutc-tbiio movkct hmctb Mecra. B 
3 tom cnynae ,t.th 3anncH ypaBHeHHH ITyaccoHa BMecTO (5.61) oy.TCM, ohcbh.tiio, 
HMeTB 


4t[ 

AA =-j n , 

c 

h pemeHHe (5.62) npHHHMaeT TpHBHaubHBiH bh,zj (5.63), T.e. 

jn dv 




r - r 


(5.66) 


(5.67) 


B nacTHocTH, ecnH BeKTop j n b (5.67) eooTBeTCTByeT pc3ynBTHpyiomeM 
njIOTHOCTH TOKa CHCTeMBI iapH.TOB Xe„ TO OK33BIBaeTCH .TOnyCTMMBIM (JiopMa.Tb- 

hbih ncpcxo.T [1] 



394 


3JIEKTP0flHHAMHKA OHIMHECKOFO BAKYYMA 


in=^ e A r '~ r i)> 

i 


(5.68) 


h pemeHne (5.67) npiiBomiTCJi k H3BecTH0My Biiay 


A 



li 


dv' 

r-r'| 


2>o-' 




(5.69) 


npilMeHeHHBIH B (5.69), C MaTC\TaTHHCCKOH TO'IKH 3pCIIH3, 'IHCTO aOcTpaKT- 
hbih (|)opMajiH3M 5-<j>yHKu;HH, Rim 3HaneHH5i KOTopoft npeanoJiaraeTCfl 5(r') = 0 
Him Bcex to'ick npocTpaHCTBa, 171 c HeT 3ap3.30B. h 6 (r,) = 1 ,3-33 to'ick, 171 c Ha- 
xo.iHTCH iapa.Tbi e„ oco6eHHO nar.33,3no no.i'icpKHBaeT (jiopMantHyio cymnocTB 
pcmcnna (5.69). B pcmcm-m (5.69) nonHOCTtio urnopupycTcs pout npocTpaHCT- 
Ba MOK/iy paccMaTpHBaeMtiMH 3ap3,3a\fH e,- h Hn.iVHHpycMBiM hmh b to'ikc Ha- 
6 jtio, 3 Ciih 3 r BGKTopHBiM noTcniiHajTOM A 0 . IlpeanoiiaraeMBie CBOHGTBa 5- 
(JtyHKpHH ()Ka3BIBaiOTCH TaKOBBI, 'ITO OHH jaBC/IOMO HTHOpiipyiOT B03M0)KH0CTi> 
cymecTBOBaHHJi b npocTpaHCTBe bhg ,3BH>KyiriHxc3 3ap3.30B KaKnx-DBi to hh 6 bi- 
JIO TOKOB CMCmCIlHH, 3-3 C KT p H 'I C C K H X H MaTHHTHBIX nOUCH H ,3p>THX (|)H3H'ICCKHX 
(JiaKTOpOB. B TO >Ke BpeMa, C (J)3KT0M c|}HKCaHHH KaKOTO-JIHOo 3apjma e, B TOHKe r, 
npocTpaHCTBa, c (|)H3 iticckoh to'ikh jpciiH3. Heo6ocHOBaHHO ripc,3no.3aracTC3 
MTHOBeHHaa ncpc/ia'ia pe3yni>TaTa .ichctbhs ot stoto iaps.ia e, b ipyryio npo- 
CTpaHCTBeHHo y/iaacimyio TO'iKy na6-3io,3ciiH3 r. O.TiiaKo, TeM He MeHee, h KaK 
3TO He y.THBHTC.TBIIO. pCHICIIHC (5.69) ,3C 11 CT BHTC-3 BIIO V C T a II a B -3 H B a C T pe3yJIBTH- 
pyiomee iiia'icnne BeKTopHoro noTeHHiiajia A 0 b tohkc iia6-3io,3CiiH3 r. B nacT- 
hom cnynae, ,3-3a o.ii-mo'inoro ^BHHcymerocfl co ckopoctbk) v 3ap3,ia e .3-33 bck- 
TopHoro noTCiiHHcL3a A b tohkc iia6-3io,3CiiH3 r H3 (5.69) iienocpc,3CTBCimo no- 
jiynaeM 


A = 


e\ 

c|r-r 0 | 



(5.70) 


r,3C R - paccTOJffliie ot tohkh iia6-3io,3CiiH3 r ,30 jap3,3a e. 

TaKHM o6pa30M, HMCIOIIICCC3 B TCHCTBHTC-TBIIOCTH OnpC,3e-3CimOC COOTBeT- 
CTBHe MOK.iy tokom nepeHoca I n h tokom cmciiiciiht / CM ||, a TaK>Ke eooTBeTCTBue 
MC>K,3y BeKTOpOM njIOTHOCTH TOKa nepeHOCa j n H BCKTOpOM njIOTHOCTH TOKa 

CMemeHHM j" M , KaK 6bijio noKa3aHO Btirne, BnonHe ^onycKaeT cjjopiviajiBHyio 
3aMeHy BeKTopa j" M b ypaBHeHHH riyaccoiia (5.61) h b ero penieHHH (5.62) Ha 
3KBHBajieHTHBiH eMy BeKTop j n . rio-Ty'iacMoc >Ke npn stom pememie (5.67) 'icpci 
BeKTop njIOTHOCTH TOKa nepeHoca j n KaK ,333 chctcmbi 3ap3,30B A 0 (5.69), TaK h 
rjisl oinno'inoro 3 ap 3 ,ia A (5.70) hojdkho OTpaoKaTt, ohcbh.tiio, (|)op\ia- 3 Bnyio 
cyipHOCTB ncxoinoro ypaBHeHHH (5.66), hto b laimovi ypaBHeHHH ycTaiiaB-iHBa- 
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CTCfl B3HH\TOCBH3B BCKTOpnOTO nOTCniiHajia A B TO'IKC IiaD-BIOPCIlHa r C BeKTOpOM 
nnoTHOCTH TOKa nepeHoca j n b tohkc naxo'/RVicniw b /lainiBiii momght .tbhvkviuc- 
toch japa/ia e. flpyniMH cjiob3mh, 3to cooTBeTCTByeT TOMy, hto ecnH nonyHeH- 
Hoe Btipa>KeHHe /uni BeKTopHoro noTeinina/ia A o.THno'inoro iapa/ia e b bh/ic 
(5.70), onpeaeneHHoro coraacHO (5.67) m (5.66) rim tohkh HaSnio^eHiM r , 
no/jCTaBHTB b hcxo/uioc ypaBHeraie (5.66), to mbi .hojdkhbi 6y/[CM nonyHHTB, 
OHeBHflHO, BBipa>KcnHC hjisl BeKTopa nnoTHOCTH TOKa nepeHoca j n b tohkc Haxo- 
>K^eHHJi 3apa^a e b Biiae (5.68), T.e. 


j n = ev 5(r' - r 0 ). 


(5.71) 


IIpiiHHMaxi bo BHHMaHHe, hto onepaTop Jlannaca AA, npuMciieiniBiil k BeK- 
Topy A, b xjeKapTOBOH chctcmc Koop/u-inaT pacnucBiBacTca b bh/ic 


AA = 


r d 2 A x 
d 2 x 


8 2 A- 

d 2 y 


d 2 A 2 
d 2 z 


L 0 ’ 


^ J J 

r/je, b coraacHH c (5.70), /pra KOMnoHeHT BeKTopa A HMeeM 


(5.72) 


A x=^> 

(5.73) 

cR 

A y =0, 

(5.74) 

A z = 0, 

(5.75) 


/pia iiia'icnini BeKTopa AA nenocpc/iCTBcnno y c t a 11 a b/ i h b a c m 

aa K5K (5J6) 


ConocTaBJura nonyHeHHBiH pe3yni>TaT (5.76) c hcxo/iiibim ypaBHOHHOM 
(5.66), Rim BBipa>Kcnna BeKTopa nnoTHOCTH TOKa nepeHoca j n naxo/iHM 


ev 


4nR' 


x 0 =Jc 


(5.77) 


CpaBHHBaa HaH/ieHHBie BBipa>KeHH5i (5.77) c (5.71) n (5.31), (5.37), Heomi- 
/laimo o6Hapy>KHBaeM, hto neBaa nacTt ypaBiicimn ITyaccoHa (5.66), /ia>KC no- 
cne (J)opMajiBHBix npeo6pa30BaHnn npaBoil ero nacra (3aMeHe BeKTopa iuiotho- 
cth TOKa cmciiiciiihi j" M b (5.61) n (5.62) Ha BeKTop tuiothocth TOKa nepeHoca j n 
(5.68)), no-npe>KHeMy onpe/jeimeT co6oh pacnpeaeneHHtie no BceMy npocTpaH- 
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CTBy okojio .TBHVKymerocH lapjpia tokh CMcmcnna j” M . /IpvniMH cnoBaMH, pe- 
3yni>TaT (5.76), (5.77) cne/iyeT nomiMaTt b tom CMticne, hto HecMOTpji aa>Ke Ha 
to, hto BeKTop A b (5.67) (])op\iaabno onpeaenaeTca tojibko l icpc3 xapaKTepn- 
cthkh iapa.Ta e b tohkc ero naxo>K,Tcnna, T.e. 'icpci BeKTop itjiothocth TOKa ne- 
peHoca j„ , b iiiooom cnynae BCKTopiiBiii noTcnimaji A ocTaeTCH (jiynKHHCH tojib- 
ko tokob CMemeHHJi j" M . TaKHM o6pa30M, 7(a>Ke .nonymeHHtie BBinie cjjopMajit- 
Htie no cBoeMy cymecTBy noacTaHOBKH He MemiioT (J)H3HHecKOH cymnocTH BeK- 
Topa-noTeHHHana A. Ecjih >Ke sto Tax, to, b npiiHunne, .hojdkho cymecTBOBaTt h 
iienocpc.TCTBcnnoc pemeHHe ypaBHeHiui IlyaccoHa (5.61) 'icpci BeKTop nnoTHO- 

cth TOKa CMemeHHJi j" M b bh.tc (5.62). H ncTpy.Tiio noKasaTB, hto TaKoe perne- 
Hne .TciicTBiiT cjibiio cymecTByeT. 

HanpuMep, ecnii b (5.62) am cnynaa om-moHiioro 3apjr/ia e no.TCTaBHTB on- 
pc/icncniroc paiiibiviH cnoco6aMH BBipa>KcnHC BeKTopa njioTHOCTH o6paTHoro 

TOKa CMemeHHJi j" M (5.31), (5.37), (5.77), npiiHHMaji bo BHHMaHHe |r - r'| =R, 


e\ (* dV 
4nc J R 4 ’ 


(5.78) 


H yHHTBIBajI, HTO TOKH CMemeHHJi j" M JIOKajIH3yiOTCJI B npOCTpaHCTBe BHe cc|)epbl 
paj(Hyca7?o, ami npeaenoB HHTerpupoBaHHJi b (5.78) ycTaHaBJiHBaeM 


A = - 


e\ 

4nc 


00 



(5.79) 


r.Tc R{ } - paccTOJiHiie ot aapji/ia e ,to tohkh naomo/icnnsi N, pic onpe/iciuicTCJi 
BeKTopHBiil noTcniiHaa A. 

IIpHHHMajI BO BHHMaHHe, HTO 7UTJI 3JieMeHTapH0T0 o6l>eMa dV NT0VKIIO 3ann- 

caTb 

dV=4nR 2 dR, 

BBipa)KeHHe (5.79) npHHHMaeT bh,zj 


A = - 


ev 


c 


00 



(5.80) 


HHTerpnpoBaHHe (5.80) .naeT 
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A = —, (5.81) 

cR 0 


HTO COOTBeTCTByeT (5.70). 

TaKHM o6pa30M, n HcnocpcTCTBCinioc peinemie (5.62) ypaBiicima Ilyacco- 
Ha (5.61) nepe3 tokh CMemeHna j" M (5.31), (5.37), (5.77) OKa3BiBaeTca BnoaHe 
bo3mo>khbim, oanaKO TaKoe pcmeiiHC OKa3BiBaeTca B03M0/KHMM toubko Rim cay- 
naa oflHHOHHoro .TBH>Kymcroca iapa/ia e. CBa3aHO sto c TeM, hto maa Kaayjoro 
3apa/ia e, chctcmbi ma'iennc BeKTopHoro noTennuaaa A, b tohkc naGaKyicnna r 

'icpci BeKTop naoTHocTH o6paTHoro TOKa cMcmcnna j" M onpexienaeTca HHTer- 
pupoBaHHeM no BceMy npocipaHCTBy bho ccjmpBi paxjnyca |r - r,| = R,. A TaK KaK 
ana Kaamoro 3apana e, pannyc 3 toh ajicpBi pa3anHeH, to pemeHne (5.62) ypaB- 
HeHna IlyaccoHa (5.61) 'icpci pcsyaBTupyiomnn BeKTop j" M naoTHOCTH o6paT- 
hoto TOKa CMemeHna chctcmbi iapaaoB. 6e3 yncTa cneipi (jinnee kkx cbohctb to- 
kob CMemeHna, 0Ka3tiBaeTca Boo6me iicbotmo'/Khbim. OanaKO, ecan pemeHne 
(5.62) pacnncaTB b bh.tc 


A 0 - — 


i'LdV, r j" dV 2 


ncu x a v \ f 

J R, + J 


R , 


■ + ...+ 


■jcM n dV n 
R„ 


(5.82) 


to mbi aenco npuxo.THM k TpiiBnaaBHOMy pemeHnio (5.69) n aaa cncTeMBi 3apa- 

^OB 



H bot ToaBKo TenepB npcacTaBaacTca aocTaTonno naraaniiBiM cymecTBo 
OTannna 3anncn ypaBiicima IlyaccoHa ncpci BeKTop naoTHOCTH TOKa CMemeHna 

j" M B BH.TC (5.61) OT (|)OpMaaBHOH 3anHCH (5.66) HCpCi BeKTop naOTHOCTH TOKa 
nepeHoca j n . OTannne sto CBO.THTca k TOMy, hto, BO-nepBBix, oGaacra HHTerpn- 
poBaHna b (5.63), (5.67), (5.69) n (5.62), (5.82) OKa3BiBaioTca cymecTBeHHO pa3- 
hhhhbimh. Bo-BTopBix, ooaacTB HHTerpnpoBaHHa no TOKy CMemeHna j" M b 

(5.62), (5.82) He aBaaeTca c/ihiioh naa Bcex sapaaoB e, cncTeMBi. Hy n, HaKOHen, 
B-TpeTBux, ecan nHTerpupoBaHne b (5.69), (5.83) npoBOTHTB no KaacaoMy 3apa- 
jxy e,- b OTjieaBHOCTH, to pe3yaBTaTBi 0Ka3BiBai0Tca TonmecTBeHHBiMH. /Jaa cay- 
naa ace o.THHO'inoro aapa/ia e pe3yaBTaTBi pemeHna (5.63), (5.67) b bh.tc 
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pne 



sv . 


’in dV 
R 


e\ 



J'n 


e\ 

W ’ 


h pemeHiM (5.62), (5.79) b Biiae 


A 



1 


V 0 


i'Ldv 

R 


e\ 

cRq 


(5.84) 


(5.85) 


(5.86) 


HarcumHO OTpa>KaioT co6oh OTJiHHiie (J)H3HHecKOH cymHOCTH oxjHoro h apyroro 
MCTO/ia. B 'iacTiiocTH. H3 (5.84) h (5.86) bh/uio, hto oOnacTt HHTerpiipoBamiJi b 
(5.84) orpaHHHHBaeTCH tojibko o6i>eMOM 8V iapa/ia e, MCVK.iy TeM KaK b (5.86) 
o6nacTi> wiTerpupoBaima pacnpocTpanacTca Ha Bee BHeniHee npocipaHCTBO bhg 
cfjtepti pa^nyca R 0 . 

IloC-He yCTaHOBJieHHM TO'/RTlCCTBCimWX KOHCHHMX BBipa)KeHHH aim BeKTOp- 

Horo noTeHunajia A 0 RJifi CHCTeMti 3apa;iOB Ze, b BH,ne (5.69), (5.83) h aim oxjh- 
HOHHoro 3apa^a e b BH^e (5.70), (5.84) h (5.81), (5.86) nepe3 tokh nepeHoca j n h 

tokh CMemeHiia j" M , jj.ru 3HaHeffl«i MarmiTHBix noneil h H\\ b tohkc Ha6nio- 
.nernia r, Hcno:iB3yji ycnoBHa (5.53), (5.54), HenocpexiCTBeHHO ycTaHaBJiHBaeM 


h _lo =rotA 0 =^\otA,. , 

i 

(5.87) 

dA r e 

H ± = rot A = —— y 0 =—r[vxR], 

dz C R 3 

(5.88) 

H, COOTBeTCTBeHHO, 


77|| 0 = -divA 0 = ^divA,- , 

i 

(5.89) 

" ll = - divA =-f-;£>.»)• 

(5.90) 


B CKajiapHOM BBipa>KeHHH jjrr (5.88) h (5.90) movkiio eme 3 anncaTB 

1 ev . 

H l =-i-sintp, 

c R- 


(5.91) 
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#11 =--^-costp. (5.92) 

" c R 2 

Cne/jOBaTenBHO, pcmcimc chctcmbi ypaBiieimii (5.48)-(5.52) nepei BeKTop- 
hbih noTcnniian A /ichctbhtciibiio /ihct nonHoe pcmcimc c vhctom cymecTBOBa- 
HHa .iByx TiraoB MarHHTHBix noneii H h // /iBH'/Kyimixca lapanoB. O/uiaKO H3 
cjiopMajiBHOH cymnocTH npHMeHeHHBix mcto/iob oimcaima MarHHTHBix noneii 

Hi h H\\ 'icpci tokh nepeHoca j n h o6paTHBie tokh cMcmcima j" M ocTaeTcs He- 
BCHOH (|)H3H'ICCKaa CyiUHOCTB BeKTOpa njIOTHOCTH TOKa CMCmCIlIIJI j CM (5.31) oc- 
HOBHoro TOKa cMcmenna / CM /iBii>Kymeroca iapa/ia. Eonee Toro, KaK cne^yeT H3 
o6mc(]) hih l icc k oro paccMOTpeHiia ABneHiia HiinyKnmi MarHHTHBix noneii TOKaMH 
CMcmeniia [6, 8-10] h KaK oTMenanocB BBirne, oopaniBic tokh CMcmeniia /" CM 
Boo6me He MoryT HiriyunpoBaTB MarHHTHBix noneii H h II . TaK KaK aBnaioTca 
BHeiHHHMH TOKaMII no OTHOIHeHHIO K HHJTHIlHpM'ICCKH-CMMMCTpH'inOH CHCTeMe 
ochobhbix tokob CMemeima /' CM || ii /' CM± , Ha noBepxHOCTH KOTopBix no npiiHuiiny 
oniriKO/iciicTBiia onpc/icnaioTca 3iianenna MarHHTHBix noneii H h II. Bee 3to 
MO/KCT CBH/lCTCnBCTBOBaTB TOnBKO O TOM, HTO 3aBHCHMOCTB BCKTOpilOrO nOTeH- 
miana A ot nnoTHOCTii oGpanioro TOKa CMcmenna j" M , onpcncnacMaa ypaBHe- 
HneM IlyaccoHa (5.61), no Been bh.thmocth. He 0Tpa>KaeT cine co6oii .tchctbh- 
TenBHoii (]»h3hkh a anemia iinnyKHHH MarHHTHBix noneii Hi n II TOKaMH cMeipe- 
n h a j CM , j" M . B 3tom h onpe/icnacTca. o'icbh.tiio, onpcncnciiiiBiii cjiopManH3M 

pemeHiia ypaBHeHiiii (5.48)-(5.52) nocpencTBOM nHijnjiepeHUHanBHoro ypaBHe- 
Hiia IlyaccoHa nepei BeKTopHBiii noTeHmian A, xora stot mcto/i h npiiBomiT Hac 
k ycTaHOBneHHio cymecTBOBaimn y nBiivKymeroca iapa/ia hbvx bh.tob MarHHT¬ 
HBix noneii Hi h H\\. 

KaK H3BecTHO, peiuefflie ypaBHeHiiii MaKCBenna (5.1), (5.2) b BaBcnovio He- 
KOppeKTHOM BH.TC 

div Hi = 0, (5.93) 

rotHi = —j n , (5.94) 

c 

OTpa>Kaiomee cymecTBOBaHne b npocTpaHCTBe oKono nBiivKymeroca iapa/ia e 
TonBKO o/nioro pamianbiioro (BeKTopHoro) MarmiTHoro non a Hi, npn Hano>Ke- 
hhh Ha BeKTopHBiii noTeHmian A ycnoBiiii 

rot A = Hi, 


div A = 0, 


(5.95) 

(5.96) 
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KaK 6 biJio otmchciio Bbinie, TaKa<e ripuBoanT Hac k ypaBHemiio IlyaccoHa ( 5 . 61 ), 


AA = - — j n , (5.97) 

c 

h k aHajioniHHOMy (5.62) pememiio ero (5.63) ncnocpeacTBCimo nepc3 BeKTop 
nnoTHOCTH TOKa nepeHoca j n . OpiraKO ana ynoBncTBopcnna ycnoBHio (5.96) Ha 
BeKTop A HJIH COOTBeTCTByiOmHH eMy 3JieMeHTapHBIH TOK (jn dS) .IBHVKyillCrOCa 
jap ana e HCKyccTBeHHO iraKnanbiBaioTcn TaKHe OTBnc'ieniibic ycnoBna, hto BeK- 
TopHBiii noTeHHuaji A oniiHOHHoro aBnacymeroca iapn.na e jih6o Boo 6 me He mo- 
aceT dbitb onpeaeneH [1,3,5], nn 6 o HCKmonaeTca caM cJjaKT amr/Kcnna iapn.na e 
[7]. B HaCTHOCTH, T3KHM HCKyCCTBeHHBIM OrpailHHHBaiOIHHM yCnOBHeM aBJiaeT- 
ca, HanpHMep, ycnoBue peantHOCTH h onpeaenaeMOCTH BeKTopa nnoTHOCTH TOKa 
nepeHoca j n toubko ana chctcmbi aBiiacymuxca b HeKOTopoil orpaiiHHCimoH 06 - 
nacra 3apaaoB, H3 KOTopoil ohh He MoryT bbihth [1, 3, 5]. Ilpn 3tom namianbi- 
BaioTca eme norioniiHTcnbiibic ycnoBHa, hto b paccMaTpiiBaeMOH orpaHHHeHHOH 
o 6 nacTH nnoo HeT H3MeHeHna nnoTHOCTH 3apaaa Splat = 0, nn 6 o OTticKHBaeTca 
ycpeaHeHHaa 3a iicKOTopbiil npoMeacyTOK BpeMeHH At nnoTHocTb TOKa nepeHoca 
ana tohchiibix 3apaaoB. H TontKO nnnib npn sthx, aBHO naTanyrbix aonymeHH- 
ax nony'iaioT, hto 


H, COOTBeTCTBeHHO, 


divj n = 0, 


1 fdivj n dV 


A = — -—-= 0. (5.99) 

c J R 

B peiynbTaTC TaKoro cnuniKOM cjjopManbHoro noaxoaa h b pciynbTaTe yc- 
TaHOBHBUIHXCa KOHCepBaTHBHBIX npeaCTaBneHHH B (J)H3HKe O B03M02KH0CTH cy- 
mecTBOBaHHa y aBnacymeroca 3apaaa TonbKO oaHoro pan nan micro (BeKTopHoro) 
MarHHTHoro nona H , aaace (fiynKUHOiianbiio yace, Ka3anocb 6 bi, nonnocTbio on- 
peaeneHHoe aKcnanbHoe (cKanapHoe) MarHHTHoe none // aBnacymeroca oan- 
hohhoto 3apaaa e b BHae 3anncH (cm. [7], c. 129) 


divA = —grad — 

c UJ 


hto eooTBeTCTByeT yace (5.90), (5.92), T.e. 


u a' a ev a I 1 I 1 ev 
//,,=-divA =-grad — =--coscp 


(5.100) 


(5.101) 


npocTO HCKyccTBeHHO npupaBHHBaeTca k Hynio 
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H\\=— div A = 0. (5.102) 

CnenoBaTenBHO, mo>kho cnenaTB y>Ke bbibo,h, hto oomcnpnnaTaa 3amicB 
ypaBHeHHH MaKCBenna b bh.tc (5.93), (5.94) ncpci on no BeicropHoe MarmiTHoe 
none Hi nBHacymeroca aapana h bbo.thmbic ycnoBiia (5.95), (5.96) aBJiaioTca 
aBHO orpaHHneHHBiMH. B to ace Bpcvia pemeHHe chctcmbi ypaBHeHHH (5.48)- 
(5.52) ana nfiyx TiinoB MarHHTHBix nonefi Hi h // /jpnacymeroca aapana e nepci 
BeKTopHBiH noTeHunan A, b npiiHunne, OKa3BiBaeTca BnonHe bo3mo>khbim. IIpH- 
neM cnenyeT otmcthtb, hto nonyneHHBie BBipaaceHiia (5.88), (5.91) h (5.90), 
(5.92) aim MarHHTHBix nonen Hi h H\\ nonHOCTBio SKBHBaneHTHBi aHanorHHHBiM 
BBipaacemiaM, naiincnnBiM paHee [6, 8-10] ncxona H3 ecTecTBeHHoro o6mc<])n- 
3HHecKoro ooocnoBanna bo3mo>khocth cymecTBO Banna nfiyx TiinoB MarHHTHBix 
noneii y nBnacymuxca aapanoB. OnnaKo, c npyroii ctopohbi, hco6xo,thmoctb 
BB cncnna pan a ap.no (jjopManBHBix nonymcnnii Ha CBOHCTBa BCKTopa nnoTHOCTH 

TOKa CMcmenna j" M MoaceT BBi3BaTB ncKOTopwc covincnna oTHOCHTenBHO noc- 
TOBepHOCTH nonyneHHBix H3 pcmcnna cucTeMBi ypaBHeHHH (5.48)-(5.52) koiich- 
hbix pe3ynBTaTOB (5.87)-(5.92). IIosTOMy 6 bijio 6bi acenaTenBHo hbhth cine nnoc 
peiueHiie cucTeMBi ypaBHeHHH (5.48)-(5.52), c])opMaiiH3M KOToporo OTpa>Kaji 6 bi 
b ooninncn cTeneHH CBOHCTBa tokob CMcmenna j CM ||, j CM i, a He oopamux tokob 
CMC inenna j” M h tokob nepeHocaj n . 


BBinnuieM cucTeMy ypaBHeHHH (5.48)-(5.52) b BHne 


div Hi = 0, 

(5.103) 

„ (4n . 4n . 4n ... 

* M _L — J cm|| J cmI J cm 

V c c ) c 

(5.104) 

-grad //„ =^j CM |j 

(5.105) 

• _ 1 5E _ • 

J cm ~ — JcmII Jcmj. ’ 

4tc at 

(5.106) 

_ e\ 

J CM , "2 * 

4jlK 3 

(5.107) 

OcHOBBiBaacB Ha o6me(j)H3HHecKHx npcncTaBncnnax o cBoiicTBax tokob 
CMemeHna [6,8-10,11], nonBiTaeMca pemiiTB cucTeMy ypaBHeHHH (5.103)- 
(5.107) h onpcncniiTB nona H h H nBnacymcroca onunonnoro aapana e, He 
npnocraa k (|)op\iann3My peiueHiia (5.62) ypaBncnna IlyaccoHa (5.61). Ot neBoii 
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h npaBOH nacTH ypaBHemia (5.104), npeflBapuTentHO noAenHB hx Ha 4n, onpe- 
^ejTHM HHTerpan no iuiockoh h nepneH^HKyiiapHOH k HanpaBJieHHio aBHacemia 
3apazia e noBepxHOCTH So Kpyra pa.inyca n h iiciiTp Koraporo iraxo/THTca Ha Tpa- 
eKTOpHH .TBHVKCIIHH japa/ia 

^ |rot H ± dS = ±J j CM|| dS + i J i CM± dS + i J \ n c JS . (5.108) 

S 0 S Q Sq s 0 


Hcxozia H3 onpeaeneHHtix BBinie ycJiOBHH (5.79), (5.80) yncTa BeKTopa 
nnoTHOCTH oopaTiioro TOKa cvfcmenna j" M tojibko b npocTpaHCTBe bho cf])cpi>i S 

pa/inyca R, oopaTiibiil tok cvfemeniia /" CM 'icpci nnocKyio noBepxHOCTB So, 
HMeiomyio o6myio co c(])cpoii S oicpyacHocTB pa/inyca r 0 , iicooxohhmo no.no- 

)KHTB, O'ICBH.IIIO. paBHBIM HyjIK). IIpH 3TOM, npHHHMaa BO BHHMaHHO, HTO CKa- 
JiapHoe npoi-nBC/iciiHe BeKTopoB j CM h dS b nojiBiHTerpajiBHOM BBipa>KeHHH bto- 
poro HJieHa cnpaBa paBHo irymo. ypaBHeHne (5.108) npeoopaaycTca k Bimy 

~ J rot H ± rfS ~ ~ J* j CM|l dS . (5.109) 

So S 0 

Hcnoni>3yH TeopeMy CTOKca, neperiHineM JieByio nacTb (5.109) b Bime 

= 1 Jj CM|| t/S . (5.110) 

L S 0 

CornacHO (5.22), xpia aKcuajiBHOH cociaBnaiomcH j CM || nnoTHOCTH TOKa 
cvfemeniia b npoH3BonBHOH tohkc N mo>kho 3anncaTB 

j CM || =- t( 3 cos“(p-l). (5.111) 

4nR 3 

CooTBeTCTBeHHO, rjul TOKa CMememia /' CM ncpc3 noBepxHOCTB So y ct a11a bjthb ac m 

KmW = fjcM!|^S = ^sinV (5.112) 

i 2r o 

YnuTBiBaa, hto KOHTyp L npe/iCTaBJiacT coooii Kpyr pa/inyca ro, JicByio h 
npaByio Hacra ypaBHeHna ( 5 . 110 ) mo>kho npe/iCTaBHTB b bh.tc 

—(2nr 0 H ± ) = —/' M || 

4 n c 


(5.113) 
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hbh 

H± =I^k, (5.114) 

c r 0 

T.e. noJiyHHJiH H3BecTHyio cjjopMyny hjih pannajiBHoro (BeKTopHoro) MarHHTHoro 
noira Hi ot nnHeiiHoro TOKa nepeHoca 7 n , KOTopan 3anncBiBaeTGH b aHanoriinHOM 
BH^e 

H ± =-^. (5.115) 

c r 0 


CnenoBaTenBHO, tok CMemeHHH I' CM nepe3 cc'icime So ot o/iHiio'inoro ,tbii- 
Hcymerocn japa/ia e b .tchctbhtc.tbiiocth TKBHBanenTcn BooGpancaeMOMy 6ecKO- 
HOHHOMy npHMO.THiiciinoMy TOKy nepeHoca I m h MarHHTHoe none Hj_, onpcnc- 
jineMoe no npuniiHiiy onH3 ko.tc ii ctbhh ncnocpencTBcnno Ha noBepxHOCTH Tpy6- 
kh TOKa CMcmeniM /' CM || b cc'iciihh So, He 3aBHCHT ot Benn'iiniBi tokob CMcmeniM 

/' CM |I b 6nH>KaHHiHX Sfp h bo Bcex apyrux ceneHHHX Sq 1 paccMaTpHBaeMOH 
Tpy6xn TOKa CMemeHiM [6]. /IpyniMH cnoBaMH, 3aKOH Eno-CaBapa-JIanjiaca 


H ± = 



_ 1 r [Jn XR ] iF - 1 [ Mn xR ] 

cJ i ? 3 cJ Ri 


(5.116) 


npiiMeHneMBiH huh oncMcnTapiiwx tokob di n nepeHoca, OKaiBiBaeTCH yace npiiH- 
HiinnajiBHO nenpuMcimviBiM ana <ojieMeHTapHBix» tokob CMemeHiM dI CM . Ecjih 
ace npuHHTt bo BHHMaHHe, hto (5.116) hbjihctch cjic/ictbhcm peuieHiM (5.63) 
ypaBHeHHH IlyaccoHa, to, b khkoh-to CTeneHH, cthhoehtch hohhthbimh Te 
npHHHiinHajiBHBie rpyzmocTH, KOTopBie B03HHKai0T npn nonBiTKe pemeHHH 

ypaBHeHHH IlyaccoHa nenocpcncTBcnno nepci tokh CMemeHHH j CM jih6o j" M , KaK 
3to n oTMenajiocB BBirne. B cboio onepe/m, naxo/WT ce6e o6BHCHeHiie h onpaB- 
HaHHe npennpHHHTBie BBirne BBiny>K/iambic npoH3BOHBHBie /lonymcniM ana 
yHOBJieTBopeHHH (])op\tanH3My ypaBHeHHH IlyaccoHa n ero pemeHiiio. 

IIoHCTaBJiHH b (5.114) BBipancefflie hjih TOKa CMemeHHH /' CM || (5.112), ana pa- 
HnajiBHoro (BeKTopHoro) MarHHTHoro noun Hi Ha noBepxHOCTH Tpy6KH TOKa 
CMemeHHH b ceneHHH So ycTaHaBJiHBaeM 

H ± = --^sin 3 (p. (5.117) 

c r n “ 


IIpoH3BOHH 3aMeHy To = R sin <p, OKomiaTcnbno naxomivt 
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HJIH B BeKTOpHOM BBipa)KeHHH 


1 ev . 

= -ySin tp , 

c R 2 

(5.118) 

— ~t[v x R] ■ 

(5.119) 


PaccyvK.Taa aHajioriiHHBiM o6pa30M, ana /in(])(])cp e n n m an b1 10ro ypaBiieima 
(5.105) TaioKe mo>kho 3anncaTb [9] 


- — JgradH,, dS = ^ J j CM |, dS + ^ j* j CM± i/S , 


4n 


(5.120) 


rne nHTerpupoBamie npoBo.THTca ynce no 6 okoboh noBepxHocTii .S',; nmrm/ipa 
pannyca r 0 n bbicotbi d 0 (r 0 2 + dl =R 2 ). Tax KaK pannanbHaa cocTaBJiaiomaa 
jcMi nnoTHOCTH TOKa cvfemeniia b npoH3Bom>Hon tohkc N HMeeT 3iiaHenne (5.22) 


JcM± 


3evsintpcos(p 

4nR 3 


'0 ’ 


(5.121) 


to xpia cooTBeTCTByiomero TOKa cMcmcniii-i / CMj _ nepe3 6oKOByio rioBcpxnocTB .S',; 
Oy.TCM HMOTB 


J j c 


„ ev 3 

L oS =-cos cp. 

2d 0 


(5.122) 


B cbok) o'icpc.TB. npiiHHMaa bo BHHMaHne, hto CKanapHoe npoi-nBC/icnne 
(jc M || t/S) BeKTopoB j CM || h dS paBHO Hynio, nepBbin nneH cnpaBa b (5.120) Taioice 
mo/K ilo rioiio’/KHTB paBHBiM Hynio. JSflu npeo6pa30Banna >Ke neBoil Hacra ypaBHe- 
hhh (5.120) BBinumeM KOMnoHeHTti BeKTopa grad H , b ncKapTOBBix Koopnrina- 
Tax ( x, y = 0, z), npennonaraa, hto ocb x HanpaBneHa no HanpaBneHHio jjBnace- 
11it >i aapa.ia e, a TOHKa naonio/icniia N naxonirrca b imockocth y = 0 

dH n dHn 

grad//|1 = -£x X ° + -fr Z °' (5.123) 


CooTBeTCTBeHHO, nna cicanapHoro npon3Bcncnna non biiit crpan b noro bbi- 
panceHna neBoil Hacra ypaBiieima (5.120) mo>kho 6y/iCT 3anncaTB 



+ 


8 Jh I 

dz 




z o 


dS = 


J 



(5.124) 
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J\jul onpezieneHiM HHTerpana (5.124) cocTaBHM BcnoMoraTentHoe ziHcjjcJje- 
peHunajiBHoe ypaBHemie 

dH \\ 

-^ = P (5.125) 

OX 

HJIH 

dH\\ = p dx. (5.126) 

HHTerpHpya JieByio h npaByio nacTH ypaBHeHHH (5.126) b npe^enax oti = 
= r 0 , 3anHineM 

r o r o 

J dH {{ = PJ dx . (5.127) 

o o 

TaK KaK 3aKOH CyMMHpOBafflM K MarHHTHBIM nOJMM II, // OT TOKOB CMe- 
meHiin b pa3Htix cc'iciiiijix y>Ke He npiiMemiM, to neBaa nacTB (5.127) npejiCTaB- 
naeT co6oh ina'icniic nanpavKeimocTH MarHHTHoro nona II< npn BepxHeM npe- 
aene x = r 0 , OTKyna jijisl (5.127) HenocpejiCTBeHHO ycTaHaBJiHBaeM 

^|(r 0 ) = pr 0 . (5.128) 

IIpn 3tom aim BBipa>KeHiM p (5.125) nonyniiM 

p = 7/|(r 0 )/n, (5.129) 


IlpHHHMaa bo BHHMaHHe (5.125), (5.129), juih (5.124) Oy/ICM hmctb 



(5.130) 


Bo3BpamaacB k ypaBHeHHio (5.120), c v'ictom (5.130) mo>kho y*e 3anncaTB 


HJIH 


(2nd 0 )H ]} 

4n 



.... 1 2/ cm1 
c d 0 


(5.131) 


(5.132) 
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hto no BHfly OKBHBaneHTHO 3anncn (5.114) ana pa^najitHoro MamuTHoro nona 
Hj_ .iBHA'ynicrocn lapn.ia e. ElpiiHiiMaa bo BHHMaHne (5.122), 3anncn (5.132) 

MO)KHO IipiI/iaTB OKOHHaTCJIBHBIH BH.l 

Hu =--^-costp, (5.133) 

C R~ 

HJIH B BeKTOpHOM BBipa)KeHHH 

H \\=-^T<r - R )- (5.i34) 

cR 

TaKHM o6pa30M, KaK pa/wa.iBiioe H± (5.114), (5.118), TaK h aKcnajitHoe // 
(5.132), (5.133) MarmiTHBie nona ,iBH'/Kynicrocn lapn.ia e MoryT obitb onpenene- 
hbi h npn 11cnocpc,3c tb cimo m pemeHHH chctcmbi ypaBncnnii (103)—(5.107) 6e3 
11co6xo.i h m ocm n p e ,i b a p ht e.i b n oro npiiBe/icniin hx k (JiopMiLiBiioMy no CBoeMy 
cymecTBy HHc|x|)epeHiiHajiBHOMy ypaBHemiio IlyaccoHa. Ilpii stom cnenyeT ot- 
MCTiiTB, hto pemefflie cncTeMbi ypaBHeHini (5.103)—(5.107) b bh.ic (5.108) n 
(5.120), KaK 3TO C-lC/iyCT H3 o6mecJ)H3HHecKiix Hcc.ic/ioBannii cbohctb tokob 
CMcnienun [6, 8-10], .ichctbhtc.ibiio oTpaacaeT co6on cneninjuiHecKne cbohctb3 
tokob cMcnieniin. nonyHeHHoe ace xopomee coBna/icniie pe3yni>TaTOB penicillin 
(5.88), (5.90), (5.91), (5.92) n (5.118), (5.119), (5.133), (5.134) o^hoh ii toh ace 
chctcmbi ypaBHemin (5.48)-(5.52) .iByMn pa3JiHHHBiMH MCTO.iavin cbh.ictc.ibct- 
BycT co6on o tom, hto h (|iopMajiBiiBiii mcto.i penicillin chctcmbi ypaBHeHini 
(5.48)-(5.52) nepe3 bcktophbih noTeHmiaji A (5.62), (5.63) TaKace OKaiBinacTcn 
npiieMJieMBiM. TenepB MoacHO yace c ,iocTOBcpiiocTBio VTBcp>K,iaTB, hto naii/icn- 
ii an nepBOHananBHO h Kaacymaaca iiapa.ioKca.iBiioii laniicB penicillin chctcmbi 
ypaBHeHHH MaKCBenna (5.3), (5.4) b Biine (5.14), (5.16) uchctbhtcjibho OTpaaca- 
eT co6oh peajiBHOCTB cymccTBOBaiinn y ,iBnacymnxc« lapn/ioB ,inyx oraHHaio- 
inuxcn ,ipyr ot .ipyra MarHHTHBix noneil Hi h // , o.maKO 6e3 yneTa cneiin(])H'ie- 
CKHX CBOHCTB TOKOB CMCIIICIlIin pemefflie (5.14), (5.16) /ICHCTBHTCJ1BIIO OK33BIBa- 
CTCn HeB03MO>KHBIM. 

4. BeKTopHbie h cKacmpiibie MarHHTHbie nojin /ijih jnraeirabix tokob 

Ecjih o6paTHTBca k pe3ynBTaTaM (5.118), (5.119), (5.133), (5.134) pemeHHH 
CHCTeM ypaBHeHini (5.103)—(5.107) iienocpc.iCTBCinio ncpci tokh CMcnienun j CM ||, 

j cmJ_ , TO MOVKIIO o6Hapy>KHTB, HTO npHHHIin Cynepn03HHHH K T0K3M CMCIIICIlIin 
/' CM |I (5.112) h 7 CM i (5.122) TaioKe OKa3BiBaeTca HenpiieMneMBiM, aHanoniHHO KaK 
h .i.in c.iy'ian o6paTHBix tokob CMCincimn j" CM (5.82), (5.83). Cy\i\iapiiBiii tok 
CMcmcimn 7 cm0 nepe3 paccMaTpiiBaeMyio nnocKyio noBepxHOCTB S He onpe.ie.in- 
CTcn cyMMoii tokob CMcmcimn 7 cm1 h 7 CM 2 ot o.iiiofo h .ipyroro .iBiivicy mcrocn 
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3apa.ua, TaK KaK BenHHHHa 3 thx tokob 7 cm i , 7 cm2 MoaceT 6 bitb iiaii/iciia tojibko npn 

y'ICTC I (ILT HI 1.1 p H H CC K H CHMMCTpH'IIlBIX CBOHCTB TOKOB CMCIHCIlHa OT Ka>K/10r0 
lapa.ia b othcjibhocth. B pe3ynBTaTe yKaiamiBix o6cToaTem>cTB pe3ynbTnpyio- 
ipee MarHHTHoe none H 10 hjih // 0 ot chctcmbi, Hanpuiviep, ,iByx lapa/ioB e\ h e 2 
MO>KeT OBITB IiaH/ICHO TOUBKO cyMMupoBaHHeM BH.ia 

1 2/mj 1 27" || 2 

Hj_ 0 = h ±1 + h ±2 =- — y 0 + -— y 0 , . (5.135) 

c r x c r 2 

AHanoraHHO h aKCHajibHoro MarHHTHoro nojia 

7/ ||0 =7/ p+ 7/ ||2 =I^ + I^. (5.136) 

C Cl\ C d 2 

H 3 (5.135), b 'iacTiiocTH, b H.iiio, hto toubko ,Lia lapa/ioB e t n e 2 , .ibilkv- 
imixca no o,iiioii npaMon, Kor/ia pa.inyc r, = r 2 = r n noBepxHOCTB HHTerpnpo- 
Baima S\ = Si = S, jpia pe3ynBTnpyiomero pa/inajiBiioro MarHHTHoro nona // 
Oy.lCM HMeTB 

H X0 =H ±1 + H ±2 =- 2(7 " 1 +/ " 2) =— f(jm + j„ 2 )rfS. (5.137) 

C & CV J 

Bto ace KacaeTca MarHHTHoro noun 77 (5.136), to paBeHCTBO d\ = c( 2 = d n 
.S'si = S&2 — Ss OKiriBiBacTca bo3mo>khbim toubko /uia lapa/ioB e\ n e 2 , naxo/iairiH.x- 
ca b .lamiBiii momcht b o/inoii tohkc, hto eooTBeTCTByeT 3anncn 

H\\ o = flj,! + g„2 = ■- 2(/±1 y ±2) =-f(.in + j ±2 ) dS. (5.138) 

c d cr J 

CymecTBeHHoe oraunne ycTaHOBJieHHBix BBinie 3aBncnMocTen (5.87), 
(5.89) n (5.135), (5.136) xpia pe3ynBTnpyiomero MarHHTHoro nona H ±0 nnn Hp 
npn paccMOTpeHiin cncTeMBi lapa/ioB o6ycnoBneHO TeM, hto onpe.ic.iciiiie Mar¬ 
HHTHBix noneii II (5.87) h II (5.89) ncpci BCKTopiiBiii noTeHnnan A 0Ka3BiBaeT- 
ca bo3mo>khbim nocpc.ic'TBOM oncpaiiHii nn(jxj)cpcnnnpoBanna, npHMeHeHHon k 
BeKTopy-noTeHmiajiy A 

HL0=S rotA - (5 - 139) 


H l|0 =X divA/ ’ 


( 5 . 140 ) 
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Me5K/iy TeM KaK onpeaeneHiie MarHHTHBix nonefi H ±0 (5.135) h H | 0 (5.136) nepe3 

BeKTOp njIOTHOCTH TOKa CMCIlICima j CM OKa3BIBaeTCH B03MTOKHBIM TOJIBKO no- 
Cpe.lCTBOM OnepailHH HIlTCrpUpOBailHJI 


H 


H 


' S, 

(5.141) 


(5.142) 


’■ ' Su 


npn KOTopoii Ha npeaenbi HiiTcrpupoBanna naKna/iBiBHioTca orpaniiHiiBaiomne 
ycnoBiin. O/iiiaKO, b cbh 3 h c TeM, hto npoiiccc onpe/icneima pe 3 ynbTHpyiomHX 
MarHHTHBix nojieil H 10 (5.87) h Hp (5.89) ot cucTeMBi ABiDKymiixca 3 apaflOB 
ncpci BCKTopiiBiii noTeHunaji A 0 npe/iCTaBJiHCT onpe/icricnnoc y.TOOCTBO, to npn 
npoBepKe npuMeHHMOCTU nonyHeHHBix 3 aBHCH\iocTcii (5.87)-(5.90) h (5.114), 
(5.132), (5.135), (5.136) ana MarHHTHBix noneil H ± h H\\ k HeKOTopBiM KOHKpeT- 
HBIM 33 /iaHaM 3 JIC KTp 0,1 HIIaM HKH MO)KHO OrpaHHHHTBCH peiueHHUMH TOUBKO HC- 
pe 3 BeKTopHBiil noTeHunaji A b bh.tc (5.87)-(5.90). 


6. BeKTopHbie h cka.isipm.ic MariniTiiBie iio.ni ot OTpe3KOB jiHHeiiHoro TOKa 

OnpeaenHM pe3ynBTHpyiomee iiia'icime BeKTopHoro noTeHunajia A 0 h Mar¬ 
HHTHBix noneil Hi h // p, tohkc N, naxo/iameiicfl Ha paccTOUHiin r 0 ot ynacTKa 
miHeiiHoro TOKa i .hjihhoh 1 (puc. 40). B corjiacrai c (5.83), npiiHiiMaa bo BHHMa- 
Hiie, hto Bee iapa/iBi TOKa .tbhvkvtch no o.Tiioii npuMoil, ana pe3ynBTnpyiomero 
iiiaHcima BeKTopHoro noTeHunajia A 0 b TOHKe N mo>kho 3anncaTB 

(5.143) 

c J R 

s, 

pie R - paccTOUHiie ot 3-ncMeiiTa dx TOKa i /io tohkh iiaomo/ienHJi N. 
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ricpciiHiiiCM BBipa>KeHHe (5.143) B BH.TC 




1 f (j8S)dx 




x + 


-hi 


dx 


i 


(5.144) 


X +7n 


r^e (5.5 - cc'icimc TOKa i; x - paccTOfliinc /io aneMeiiTa dx ot Hanana Koop- 
aimaj. KHTerpupya b npe/ienax ot X\ ao x 2 , rjisl (5.144) ycTaHaBJiHBaeM 


A 0 = — ln(x + -Jx 2 + r 0 2 ) 
c 


HTO COOTBeTCTByeT 


A 0 - — 


ln^x, + yjx 2 + r 0 2 J - lr/xj + ^xf +r 0 2 j 


(5.145) 


(5.146) 


IIpHHHMaB bo BHHMamie He paBHoe HyjIIO 3naHCIIHC BeKTOpHOTO noTeHmia- 
na A 0 (5.146) b TOHKe N, onpenenHM 3HaHeHi«i MarHHTHBix noneil H 10 h Hp b 
otoh >Ke TOHKe, yHHTBiBaB (5.87), (5.89), T.e. 

Hio = rot A 0 , (5.147) 

Hyo = - div A 0 . (5.148) 

JXjul onpe/icneimsi H 0 pacnumeM rot A 0 no KOMnoHeHTaM BeKTopa A 0 b hh- 
nHHflpHHecKHX Koop.TiinaTax, npHHHMan bo BHHMaHHe, hto HanpaBnefflie BeKTO- 
pa A 0 corsna/iacT c HanpaBJieHHeM TOKa i h och Koop/imiaT x: 

rot A 0 = ~~~ Lr o ■ (5-149) 

r o(p or 

Tax xax BenHHHHa xoMnoHeHTbi A x He 3aBHCHT ot yrna cp, to jxnn (5.149) 


HMeeM 
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rot A 


dA, 

dr 


_( Po • 


C yneTOM (5.146), hto 


C 


\n[x 2 + t]x 2 + r 0 2 j - lnfxj + -/ 


x i +r 0 


asm MarHHTHoro nona H (l oy/iCM hmctb 

8A r 


H ±0 =- 


dx 


<Po =' 


(x 2 + -Jx 2 +r 0 2 )Jxj 


+ >~n 


(Xi + tJx? + i’q ) a /x 1 2 + r 0 2 


9o • 


(5.150) 


(5.151) 


(5.152) 


B nacTHOM cnynae, npn X! = 0, nonyHHM 


H 


i.0 


(X 2 + -\x\ + r 0 2 )yj. 


2 2 
x 2 +r 0 


<P0' 


(5.153) 


Ecjih ycTpeMHTt x 2 —> oo, to BBipavKeimc (5.153) npnoopcTacT bh/i 

H 10 =--cpo- (5-154) 

c r 0 

Tax Kax noflbiHTerpajiBHoe BbipaaceHne (5.144) He 3aBiiciiT ot BiiaKa Koop- 
/THiraTBi x, to, npo/tojiacas tok i h b npyryio crapoHy /io Gcckohchiiocth, okoh- 
HaTenbHO ycTaHaBJiHBaeM 

H ±0 =--9o> (5-155) 

c r 0 

hto cooTBeTCTByeT H3BecTHOMy BBipa’/Kcimio asm pa/inanBiioro (BeKTopHoro) 
MarHHTHoro nona H ± ot jiHHeHHoro occKone'inoro TOKa [3, 5]. 

IIpHHHMas bo BHHMaHire iraH/ieimoc iiia'ienne asm BeKTopHoro noTeHunajia 
A 0 (5.146) b TOHKe N, onpeaenHM 3HaneHHe pe3ynbTHpyiomero aKcnajibHoro 
(cKanapHoro) MarHHTHoro nona // !0 ot ynacTKa I jiHHeiiHoro TOKa i. BbinumeM 
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kommohciitbi Bbipa>Kcnna div A 0 b iutihii/iph'icckhx Koop/nnraTax, yniiTBiBaa 
(5.151), 


divA n = 


dA x 

dx 


(5.156) 


ripoHiBo.ia am (])(]) cpc n hh p o b an h c b (5.156), ana pe3ym.Tnpyiomero axcii- 
antHoro (cKanapHoro) MarHHTHoro nona Hp (5.148) Haxo^HM 


^lio =“ 


1 


1 


yjx 2 + '~o •/ 


2 2 
*i + r 0 


(5.157) 


Tax KaK + >'o = R 2 11 + i-q = 7?], npeo6pa3yeM BBipancemie 

(5.157) KBnay 


^iio =- 


1 


1 


\R 2 j 


(5.158) 


H3 (5.158) BiiflHO, hto pe 3 ynBTnpyioinee aKciianBHoe MarmiTHoe none Hp 
ot ynacTKa TOKa i .hjihhoh / He paBHO Hynio (Hp ^ 0), n b nacTHOM cnynae, npn 
Xi = 0 , H 3 (157) Haxo^HM 


^110 -- 


1 1 


V^2 


(5.159) 


'o J 


Ecjih ace nonoaciiTB n X\ = 0, n „t 2 —► oo, to H3 (5.159) ana pe3ynBTnpyiome- 
ro aKcnajiBHoro (cKanapHoro) MarmiTHoro nona ycTaHaBJiHBaeM 


H _ 1 ‘ 
M \\o ~ • 

c r n 


(5.160) 


O/nraKO, ecnn b (5.157) nononciiTB x 2 = 0, a b occkohchiioctb ycTpeMHTB 
nepeMeHHyio x\, T.e. x —> oo, to BMecro (5.160) oy/icM hmctb 


H -+ 1 1 

"||o -+-• 

c r n 


(5.161) 


H 3 cpaBHeHna (5.160) n (5.161) BH.ino, hto iiiaK y aKcnajiBHoro MamuTHO- 
ro nona Hp H3MeHHJica Ha oOpaTHBiil. BnonHe noHaTHO, hto ecnn b (5.157) ycT- 
peMHTB b 6ecKOHeHHOCTB Hij, h x 2 , to ncnocpcncTBcnno ycTaHaBJiHBaeM 


( 5 . 162 ) 


H p = 0. 
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TaKHM o6pa30M, ecnn paAHantHoe (BeKTopHoe) vianiHTiioc none Hj_ 0 
(5.155) b TOHKe N, naxonamciica Ha pacGToaHHH r 0 ot TOKa i, HMeeT MaKCHMant- 
Hoe 'iiia'ieime nna oecKoncinoro b o6e CTopoHti nniieiinoro TOKa i, to aKcuajiB- 
Hoe (cKanapHoe) MamuTHoe none Hp (5.160), (5.161) b otoh nee TOHKe N HMeeT 
MaKCHMantHoe 3iiaHcnnc ot TOKa i, occkoiichiio npoTaneemioro TontKO b onny 
OTpHiiaTcnMiyio nnn nonovKHTcnhiiyio CTopoHy. Ilpn 3 tom 3HaK HanpaneeHHOCTH 
MamuTHoro nona Hp (5.160), (5.161) b Hanane OTpe3Ka TOKa n b KOHne HMeeT 
npoTHBonono>KHoe siiaHcimc. JSjix cnynaa nee occKoncHiio npoTaneeHHoro b o6e 
CTopoHti TOKa i pciynBTupyiomaa HanpaneeHHOCTt aKcuantHoro (cKanapHoro) 
MarHHTHoro nona Hp OKa3tiBaeTca ynee TonenecTBCimo pa b noil Hynio. Cne/iOBa- 
TentHO, npocTpancTBcnnaa nponiBOAnaa div A 0 = 0 cyMMapHoro BeKTopHoro 
noTcnni-iana A 0 b cpcniicil tohkc naOnioAcniia N 0 oecKoncinoro b o6e CTopo- 
hbi ripaMoni-mciinoro npoBomiHKa c tokom i OKa3Baerca TonenecTBCimo paBHoil 
Hynio, OAHaKO, BnonHe ohcbhaho, hto \ianciimcc CMcmeime tohkh naGmoAcniia 
b onny nnn npyryio crapoHy k koiiiuim npoBomiHKa cpa3y nee npiiBoniiT k pe- 
3yntTaTy div A 0 ^ 0 nnn Hp ± 0 . CneAyeT Taienee OTMeTHTB, hto div A 3 pe3ynt- 
rapyiomero BeKTopHoro noTeHunana A 3 ot nioSoro 33MKHyToro TOKa i , b paM- 
Kax oiuh6ohhi>ix oomenpnnaTBix npc/iCTaBncnnii, Taienee nonaraeTca paBHoil 
Hynio 

div A 3 = 0, (5.163) 

hto eooTBeTCTByeT, KasanocB obi, oTcyTCTBHio aKcnantHoro MarHHTHoro nona 
Hp y 3aMKHyTBix tokob nepeHoca: 

Hp = 0. (5.164) 

OpiiaKO, ecnn BepnyTBca k BtipaneeHiiio (5.144) h nononeiiTt, hto nnima 
OTpe3Ka TOKa i paBHa dx, T.e. npencTannacT co6oii nneMciiTapiiBiii tok iapana e, 
to nna 3HaHeHiia BeKTopHoro noTeHunana dA nonyHHM 

i dx 

dA = - (5.165) 

c V - x 2 +>' 2 

nnn, c yneTOM i = cv, adx = e, 

PX 

dA = = . (5.166) 

cjx 2 +r 2 

B nocneAHeM cnynae, b cooTBeTCTBim c (5.147), (5.148), Ana MarmiTHtix 
noneii oncMCiiTapnoro TOKa i dx 6 yAeM hmctb 




TnaBa 5. CucTeMa ypaBHemiil /pia aKcnanBHoro (cKanapHoro) 
h pannanBHoro (BeKTopHoro 1 MarHHTHBix noneil nBiincymeroca 3apana 413 

Hi = rot {dA) = ——r[v x R], (5.167) 

cR 3 

Hi, =-div((7A) = -^-(vR), (5.168) 

" cR 3 

hto cooTBeTCTByeT (5.88), (5.90). 

CyMMapHoe MarHHTHoe none 3aMKHyToro TOKa b Bi>i6paHHon tohkc Ha- 
onio/ienna N (icaic H3BecTHoro BeKTopHoro MamuTHoro nona, TaK n CKanapHO- 
ro), onpenenaeTca cyMMoil MarHHTHBix noneil ot Ka>K/ioii ctopohbi KOHTypa, 
npuneM 3HaK MamuTHoro nona ot Kaayjon H3 CTopoH KOHTypa OKa3BiBaeTca on- 
peaeneHHtiM toubko Tor.ua, Kor.na b TOHKe HaSmonefflia onpeneneH npo6Hi>in 
lapa.i n HanpaBJieHHe ero ,TBH>Kcnna. J\jm cnynaa 3aMKHyToro TOKa, npn onpe- 
nejTeHHH pe3yni>THpyiomero jiraHenini CKanapHoro nona H , HanpuMep, y KOHua 
OTpe3Ka TOKa b KaKon-nn6o tohkc N/ y yrna iiepBoii CTopoiiBi KOHTypa, Heo6xo- 
Hhmo ynuTBiBaTB 3HaK nona +H|| hjih -H| (Ha KOHue OTpe3Ka Kyua HanpaBneH tok 
- nmoc, Ha o6paTHOM - MHHyc) h npaBHJio cnoncemia CKanapiiBix MarHHTHBix 
noneil ot cnc/iyioiruix crapoH KOHTypa. Ecnn cne/iymaa crapoHa KOHTypa MeHa- 
eT HanpaBJieHHe Ha 90°, to no OTHomeHnio nepBOHananBHO BBiopaimoil tohkh y 
yraa nepBoil CTopoiiBi KOHTypa, 3HaK y CKajiapHoro MarHHTHoro nona MeHaeTca 
Ha oSpaTHBiil. CBa3aHO 3 to c TeM, hto 3HaK nona onpcncnacTca ncxo/ia H3 3a- 
HaHHoro HanpaBneHiia .iBH/Kcuiia npo6Horo aapa/ia b nepBOHananBHO BBi6paH- 
hoh TOHKe naonio/ieimn, TaK KaK b koiichiiom bh.tc (])H3HKa cKanapHoro MarHHT¬ 
Horo nona (aHanorHHHO KaK h H3BecTHoro BeKTopHoro!) onpcncnacTca cunoii h 
H anpaBneHneM pciicTBiia nona Ha npo6HBiil lapan. H ccmi y BBi6paHHoro Konna 
nepBoro OTpe3Ka TOKa b TOHKe N; nanpaBncniic nBHVKCima npo6Horo 3apa,ia, 
HanpuMep, GOBnanano c HanpaBneHneM TOKa b nepBoil CTopoHe KOHTypa (cny'iaii 
noTeHunanBHoro B3aHMO,neilcTBHa napannenBHBix tokob!), to y Hanana cne- 
/lyiomeii ctopohbi 3aMKHyToro KOHTypa 3HaK CKanapHoro MarHHTHoro nona 
nonvKcii 6 bitb 6bitb H3MeHeH Ha o6paTHBiil. CBa3aHO 3 to c TeM, hto co CKanap- 
hbim MarHHTHBiM noneM cnc/iyiomeii BTopoil ctopohbi 3aMKHyToro KOHTypa o/i- 
HOBpeMeHHO MeHaeTca h bh/i MarHHTHoro BiaHMonciicTBiui b nepBOHananBHO 
BBi6paHHOH TOHKe Nj npo6Horo aapana (cny'iaii nenoiiTeiiUHaninioro B3aHMO- 
/iciicTBiin nepneii/iiiKynapiiBix tokob!), hto npuBoniiT k nonon11HTcn biio\ ty H3- 
MeHeHHio 3HaKa npoiriBo/uioii. B pe3ynBTaTe, o6mee cKanapHoe MarmiTiioc none 
Ha yrny /iByx CTopoH KOHTypa npocTO cyMMHpyeTca. llixo/ia H3 cnovKcnna Bcex 
CKanapHBix MarHHTHBix noneil ot Bcex CTopoH 3aMKHyToro npaMoyronBHoro 
KOHTpa C TOKOM, Oy.TCT o6Hapy>KeHO, HTO MaKCHMBIMBI CKanapHBix MarHHTHBix 
noneil noKanH30BaHBi no yrnaM npaMoyronBHoro KOHTypa, Mencny TeM KaK Ha 
ccpcniine Kancnoil ctopohbi KOHTypa CKanapHBie MarHHTHBie nona 0Ka3BiBai0Tca 
paBHBiMH Hynio. 11 ccnc/io Banna noKa3BiBaioT [15-17], hto hmchho Ha yrnax 
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npaMoyronHoro KOHTypa Ha6nioaaiOTcn MaKCHManbHbie cunoBbie acjxjieKTbi npo- 
aonbHoro MarHHTHoro B3anMoaeiiCTBHn. 

BbIBO/Ibl 

B 3aKJiK)HeHne MoacHO otmcthtb, hto HailaeHHan (jiopvia lanucii an(|x|)c- 
pcnmianbiibix ypaBHeHiiil (5.48)-(5.52) ana oniicaniia vianiHTiibix noneil H 11 
H HCpCi TOKH CMCmCIIHJI j" CM , j CM .TBIl/KyilUIXCM lapn.lOB ,BciiCTBHTC-ribIIO npen- 
CTaBJiHCT co6oh yace nonHyio cucTeMy ypaBHeHiiil. OmiaKo b cBoeil niic}K])epen- 
HHajibHoil (jiopvic naimaa cucTeMa ypaBHeHiiil oica3ajiacb npiiMeHiiMoil toubko 
ana oniicaHiia vianiiiTiiBix noneil H , 11 II, Kaacaoro aBiiacymeroca 3apaaa e b 
ot.bc-bbiiocth. /Jna nonyHeniia ace 06 mere peiueHiM ot ciicTeMBi lapaaoB Xe, KaK 
ana BeKTopHoro noTeHmiajia A 0 , TaK 11 ana MaraiiTHbix noneil H ± o h Hp oica3bi- 
BaeTca ircooxoniiMBivi npocyMMiipoBaTb pe3ynbTaTbi penieHiiil ana Kaacaoro 
aBiiacymeroca 3apaaa b OTaenbHOCTii 


< 

XI 

II 

0 

< 

(5.169) 

H ± o=X H ^’ 

i 

(5.170) 

i 

(171) 

Hto ace KacaeTca ([lopviajibiibix MeToaoB oniicaHiia MaraiiTHbix noneil aBii- 
acymuxca 3apaaoB Hcpci bcktop nnoTHOCTii TOKa nepeHoca j n , to MoacHO Tenepb 
OTMeTiiTb, hto ana nonHoro oniicaHiia MaraiiTHbix noneil M 11 // „ cucTeMbi 
3apaaoB Xe,- 3thmh MeToaaMH KoppcKTiiaa (jiopvia 3anHcn cucTeMbi ypaBHeHiiil 
MaKCBenna (5.1), (5.2) aonacHa HMeTb cneaytomiiil BHa: 

div H 10 = 0 , 

(5.172) 

4n 

rot H 10 - gradH ||0 = — j n . 

c 

(5.173) 

BBoaa BeKTopHbiil noTeHiinan A 0 11 Hanaraa Ha Hero ycnoBiia 


rot A 0 = H 10 , 

(5.174) 

div A 0 = Hp, 

(5.175) 


ypaBHemie (5.173) npeo6pa3yeTca k Biiay 




TnaBa 5. CucTeMa ypaBHeHHH jura aKcnajiBHoro (cKanapHoro) 
h pamiajiBHoro ('BeKTopHoro'l MarmiTHBix nojieii nBiiiacymerocn 3apnna 415 

471 

rot rot A 0 -graddivA 0 = —j n . (5.176) 

c 

IlpHHHMaB BO BHHMaHHe, HTO 

rot rot A 0 = - AA 0 + grad div A 0 , (5.177) 

ypaBiicime (5.176) nerKO cbo.ihtch TcncpB k ypaBiicnnio IlyaccoHa 

471 

AA 0 =- j n . (5.178) 

c 

nocac/io b aim b iio npoiriBO/in o6paTHtie npcoopaioBaimn. mbi movkcm 
bhobb nonyHHTB hcx o.ii ioc ,1 h(]k[) cpen hh a.i b noc ypaBHemie (5.173). O.maKO, 
noncTaHOBKa noJieH H ±0 h Hp (5.174), (5.175) b (5.173) bhobb npiiBoaiiT k yc- 

TaHOBJIOHHK) TOTO cjiaKTa, HTO BeKTOp njIOTHOCTH TOKa jn OKaBBIBaCTCM y>Ke BeK- 
TOpOM njIOTHOCTH o6paTHOTO TOKa CMCIIICIIIHI j" M , T.e. 

(5.179) 

a He mioTHocTBio TOKa nepeHoca j n . rio/iooiioc npoaBJiciiiie bcktophoh (|iynKiiHH 
jn COOTBeTCTByeT TOMy, HTO (J)0pMajIH3M penicillin CHCTeMBI ypaBHeHHH (5.172), 
(5.173) He nBJiaeTca o6paTHMBiM. 

Clic/iycT TaK>Ke otmcthtb, hto ypaBHeHHe (5.173), b 'iacTiiovi cjiynae 6ec- 

KOHeHHOTO JIHHeHHOTO TOKa HJIH 3aMKHyT0T0 TOKa, KOr.ia MO)KHO nOJIOJKHTB 
div A 0 = 0 h 7/| 0 = 0, BBipo>KnaeTC5i b H3BecTHoe ypaBHeHHe MaKCBeJiJia (5.2), T.e. 

rotH ±0 = —j n • (5.180) 

c 

O.TiiaKO, ecnH H3 o6men (jiopMBi 3anncH ypaBiieimn (5.173) h npejiCTaBJin- 
CTcn B03M0/KIIMM ycTaHOBHTB 3anncB (5.180) RJifL nacTHoro cjiynaa, to H3 nacT- 
hoh (jiopMBi 3anncH (5.180) ypaBHeHna MaKCBeJiJia nonyHHTB o6myio cJiopMy 
(5.173) yace He npeicTaBincTcn bo3mo>khbim. B pe3ynBTaTe Hero, ecnn ochobbi- 
BaTBca Ha peiiiciiiinx CHCTeMBI ypaBHeHHH MaKCBemia (5.1), (5.2) npHMeHHTenB- 
ho k cjiynaio o.thiio'iiibix .TBH/Kymiixcn lapa.TOB, crycTKOB lapa.TOB huh He3aMK- 
HyTBix tokob, to, nojiynaa npaBHJiBHoe pemeHHe ana o/nioro pa/piajiBHoro (BeK- 
TopHoro) MarHHTHoro nojia II h noaGTaBjiaa iiaii/iciiiioc pemeHHe II b hcxo.t- 
Hoe ypaBHeHHe MaKCBemia (5.180), jienco oOiiapyacHBaeM ero HeKoppeKTHocTB. 
Bee 3 to MoaeeT c bhictc.tbctboB an, tojibko jihihb o tom, hto cucTeMa ypaBHeHHH 
MaKCBeJiJia b Biiae (5.1), (5.2) huh (5.3), (5.4) He aBJiaeTca noaHOH CHCTeMOH. 
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TjiaBa 6. 3jieKTpoMarHHTHaH Macca aBHacymeroca iapa ia h 

IlIICpUIlOHHblC CBOHCTBa 3 JieKTpOHOB 

(CoBMecTHo c B.B.OKyjioBbiM, 1977 r.) 

1. MexaHHHecKaa h MariniTiiaa SHepma aBHacymeroca 3apsiia 

3ncpr nji noKoa 3JieKTpoHa paBHa 


Wo = m 0 c 2 , 


( 6 . 1 ) 


rae nit, - Macca noKoa 3JieKTpoHa, c - cicopocTb CBeTa. IIpii ycKopemiii 
3JieKTpOHa OT GOGTOflHHfl IIOKOH aO CKOpOCTH V (V « c) 3a IipOMOKyTOK BpeMCHH 
At 3JicKTpoH npno6peTaeT KHiicTH l iccKyio snepn-no 

W K = m 0 v 2 /2. (6.2) 

Toraa nonHaa jncprua sneKTpoHa 6yaeT 


Wn = Wn + - 


(6.3) 


KmicTH'iccKaa jncprua sneiopoHa movkct 6bitb BtipaaceHa TaioKe l icpc3 pa- 
6oTy A, KOTopyio coBepmaeT ycKopaiomaa ciina F Ha nyra S 


rae 


H 3 (6.4) h (6.5) nojiyHHM 

B cnynae paBHoycKopeHHoro aBnaceHiM S = vAt/2 n a = v/At, ri ostomy 

.2 


FS, 

(6.4) 

z Mod. 

(6.5) 

m 0 aS . 

(6.6) 


A = m 


At 2 2 


(6.7) 
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to ecTt cHJia F, ycKopaioinaa oneKTpoH e c viaccoil nt 0 ,to ckopocth v, coBepmaeT 
pa6oTy A, KOTopaa nonHOCTtio h.tct Ha npi-i/iannc Macce oneKTpoHa w 0 khhcth- 
HecKoil oHepraii Wt (6.2). 

Ho oneKTpoH KpoMe Maccti m t] HMeeT oneRTpunecKHH aapa.i e . ITpH'icM 
SHepraa ojieKTpuHecKoro nona oneKTpoHa b cogtohhhh ero noKOfl paBHa 

If, 1 fe 2 1 e 2 

W E =— \E 2 dV = — \^ T 4ndV = -—, (6.8) 

87i J 8ji J r 2 E( t 


r/ic r {) - KJiaccuHecKHH pa/inyo oneKTpoHa. 3 to cooTBeTCTByeT Hann'inio y 3JieK- 
TpoHa ^ononHHTenBHOH Maccti A m E , onpe/icaflCMOH oTHomeHneM 

W E = AmEC 2 , (6.9) 


TO eCTb 



( 6 . 10 ) 


TaKHM o6pa30M, snepn-m noKOfl oneKTpoHa Wo cooTBeTCTByeT Macca 

m 0 =W 0 /c 2 , (6.11) 

a oHeprHH ojieiapHHecKoro nojia ero, pacnpe,a,ejieHHOH b oKpy)KaiomeM npo- 
CTpaHCTBe, cooTBeTCTByeT Macca 

Aw ^ = j-r t (6 - 12) 

2 r 0 c 

hjih, c yreTOM paBeHCTBa 

nioC 2 = e 2 /r 0 (6.13) 

nonyHHM 

Am E = mo/2. (6.14) 

TaK hto nonHaa Macca noKoa oneiopoHa, Ka3anocb 6 bi, /iciT/Kira onpe/ic- 
jmtbcji cyMMoil Macc (6.11) h (6.12) 

m' = mo + Am E , (6.15) 


H npn CKOpOCTH V SJieKTpOH .HOJDKCH HMCTB nOJIHyiO KHHeTHHeCKytO 3HeprHIO 


Wl=- 


(m 0 + Am E )v 2 



2 


2 


(6.16) 
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BBiipy Toro, hto npn ycKopeHHH 3JieKTpona po cicopocTH v cnna F coBep- 
niaeT paooTy A (6.7), cooTBeTCTByiomyio tojibko npnoopeTacMOH viaccoil sjieK- 
TpoHa m 0 KHHeTHHecKOH SHepniH W K = m 0 v 2 / 2, to H3 (6.16) mo>kho cpeiiaTb bbi- 
bop: a) jih6o Macca Am E sneRTpiiHecKoro noun sneiopoHa He nponBJineT HHep- 
hhohhbix cbohctb; 6) jih6o Macca noicon 3ncKTpona m 0 m (6.11) copepncuT b 
ce6e h Maccy A m E sjieKTpHHecicoro noun. Eonee npneMneMbiM OKaiBiBacTcn bto- 
poe npepnononceHHe, hto Macca noicon sneiapoHa Ha mJ2 sjieKTpHHecicoro npo- 
Hcxoncpemin. OcTaHOBHMca noKa Ha 3 tom npepnononceHiiH. 

n P H ycKopeHHH sneKTpoHa 7(0 CKopocTH v b OKpyncaiomeM ero npocTpaHCT- 
Be oopaaycTcn eme MarHHTHoe none 

H = —^~sin a (6.17) 

c r 

c 3HeprHen 

o° V 2 2 2 

W H = — [h 2 cIV = — f f (2nr 2 sin a dr da = — £ V . (6.18) 
8ji J 8ji J J l r 2 c J 6 ,» nC 2 

V r 0 0 U 



hto cooTBeTCTByeT HHepTHOH «Macce» MarHHTHoro noun [1-3] 

Am H =2mJ3. (6.20) 

H3BecTHO, hto Ha o6pa30BaHiie MarHHTHoro noun npn ycKopeHHH iapnpa 
3a t pa l i hb ac t cn paooTa. nponiBopoMan bhchihch ycKopmomeii chpoh. YnuTtiBan 
eme co6cTBeHHyio Ki-meTi-iHCCKyio aneprwo vtaccBi m 0 (6.2) sncKTpona, non- 
noil paooTBi, 3aTpaHHBaeMoil Ha ycKopeHHe sncKTpona po CKopocTH v, Ka3anocb 
6 bi, mo>kho 3anncaTi> [3, 4] 


„ Aw h v 2 5 

K = w k +^j- = -w k , 


hto He cooTBeTCTByeT picncTBHTCJTBno 3aTpaHHBaeMoil Ha ycKopeHHe sncKTpona 
sncprnn (6.7). B TaKOM cnynae, mbi po.ta'iibi nnoo nocTannTB nop coMHemie 
cnpaBepjiHBOCTB cjiopMynbi pnn khhcthhcckoh SHepniH (6.7), ph6o npepnono- 
>khtb opho H3 pByx: a) Macca MarHHTHoro noun sneiapoHa A m H = 2mJ?> (6.20) 
He nponBJineT HHepuHOHHbix cbohctb; 6) Macca noxon sneKTpoHa m 0 (6.11) Ha 
2/3 nBJineTcn Maccoil MarHHTHoro noun. JSjisi npoBepKH 3aTpaHHBaeMoil Ha ycKO- 
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pemie aHeprim (6.7), npeanonoaaiM, hto ckopoctb v ancKTpon nonynaeT, npo- 
neTaa pamocTB noTcimnanoB U, Toraa rjul BBipaaceHna ero aHeprrai Moaoio 
3anncaTB 


W= Ue. (6.22) 

H3BecTHO, hto 3Hepraa U (6.22) KaK pa3 paBHa khiicth'icckoh jiicprun W K 
(6.2), npno6peTaeMOH Maccoil m 0 sncKTpoiia e npn ycKopeHHH ero no CKopocTH 
v (v « c), T.e. 

Ue = m 0 v 2 /2. (6.23) 

CpaBHHBaa (6.7) h (6.23), biiobb yOeacaaeMca, hto npn ycKopcnmi viaccbi 
m 0 3JieKTpoHa ao CKopocTH v 3arpaHHBaeTca toubko 3Hepnia m 0 v~/2 (6.2), coot- 
BCTCTByiomaa npnoOpeTaeMoil ancKTponoM khiicth'icckoh aHepruii, a Ha o6pa- 
30BaHiie MarHHTHoro nona b npocrpaHCTBe okojio aBHVKymcroca ancKTpona 
3Heprna Wh = Am H v 2 /2 m (6.21) KaK 6yaTO He 3arpaHHBaeTca. OaHaKO, ecnn b 
(6.16) mbi motjih eme npeanonoaaiTB, hto y MaccBi A m E aneRTpunecKoro nona 

OTCyTCTByiOT HIlCpilHOIlIlBIC CBOHCTB3, TO RJ1SL MaCCBI A m H MaTHHTHOTO nOJia MBI 
yace He movkcm stoto yTBepacaaTB, TaK KaK HiicpiiHoiniBic cbohctb 3 MarHHTHoro 
nona o6meH3BecTHBi. ^na o6BacHeHiia (6.21) ocTaeTca npeanonoaaiTB, hto h 
3Heprna MarHHTHoro nona Wh H3 (6.18), pacnpeaeneHHaa b OKpyacaiomeM aneK- 
TpoH npocTpaHCTBe, TaK>KC aBnaeTca nacTBio aiicpruH W K (6.2) h, ripiiHCM, He 
Manoil ee nacTBio Wh = 2WJ3. Ho b npocrpaHCTBe OKono aBiiacymeroca aneK- 
TpoHa npoaonacaeT cymecTBOBaTB TaKace h ancKTpH'iccKoc none E (v « c) 

E = ke/r 1 (6.24) 

c 3HeprneH e 2 /(2r 0 ) (6.8 ) h c Maccoil Anis = mJ2 (6.14). npuneM, ecnn chht3tb, 
hto npn aBHaceHHH ancKTpona co ckopoctbk) v 3Heprna aneRTpunecKoro nona 
We (6.8 ) b OKpyacaiomeM ero npocTpaHCTBe He H3MeHaeT CBoeil BeniiHHHBi, to 
3to eooTBeTCTByeT TOMy, hto Macca noKoa ancKTpoiia m (h KaK 3 to 6 Bino npeano- 
noaceHO paHee, eme Ha w</2 (6.14) aBnaeTca Maccoil aneRTpunecKoro nona. 
YHHTBiBaa TonBKO Maccy aneRTpunecKoro (6.14) h MarHHTHoro (6.20) noneil, 
ana MaccBi noKoa ancKTpona m'o 6 yaeM HMeTB 

1 2 7 

m' 0 = Am F + Am H = —m 0 h — m 0 = — m 0 , (6.25) 

2 3 6 

hto Ha mo/6 6onBine aeilcTBHTenBHO perncTpupyeMoil MaccBi noKoa ancKTpoiia. 
3 toto pacxoacaeHiia MoacHO 6Bino 6 bi H36eacaTB, ecnn npeanonoaciiTB, hto npn 
aBHaceHim ancKTpona ero ancKTpH'iccKoc none npeTepneBaeT HeKorapoe H3Me- 
HeHne h oomaa mepnia ancKTpH'iccKoro nona W/ b OKpyacaiomeM ancKTpon 
npocrpaHCTBe HecKonBKO yMeHBiuaeTca. Ecnn aonycTHTB, hto aiicprua nBiiacy- 
meroca jneKTpu'iccKoro nona E' paBHa 
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f E ' 


2 dv = - 


m a v 


.2 A 


= -W k , 
3 
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(6.26) 


Tor/ia Tina khiicth i icckoh sHepnin .TBHVKyincroca T.BCKTpona (6.2) motkho 6buio 
6bi 3anncaTi> 

W; =— [ff 2 dV + — [E' 2 dV = ^— . (6.27) 

8ji J 8ji J 2 

v v 


CTpaHHtiM b noay'icimoM BbipavKciiHH (6.27) aBnaeTca to, hto npn mo6oM 
CKopocTH .TBH/Kciina aapa/ia v « c 3Hepraa MarHHTHoro nona Wh cocTaBnaeT 
2W k /3, hto 3acTaBiraeT npennononciiTB HanHHiie aHanoniHHOH 3aBHCHMOCTH Be- 
JIHHHHBI 3HepTHH 3JieKTpHHeCKOTO 00.371 We 3JIGKTpOHa OT CKOpOCTH eTO ,3BH'/KC- 
Hiia. 0,3iraKO b 3tom cnynae ciic/iycT npn3HaTi>, hto /lance npn nyncBOH CKopocTH 
3apana Macca 3JieKTpHHecKoro nona A(6.14) toubko Ha mJ3 aBnaeTca HHep- 
hhohhoh Maccofi, a ocraBHiaaca Macca 3JieKTpnHecKoro nona, paBHaa mJ6, 
HHepHHOHHBIMH CBOHCTB 3MH He 00-33,3aCT. C TeOpeTHHCCKOH TOHKH 3peHHa, 
CTOJIB CTpaHHOe ,3By.3HKOC npOaBnCIIHC HHepHIlOHHBIX CBOHCTB y MaCCBI 3JieK- 
TpiiHecKoro nona A/m £ (6.14) aBnaeTca TpyxiHO npneMneMBiM. HtoGbi hckihohhtb 
paBeHCTBO (6.25), ecTecTBeHHee npe/inono'A'HTB, hto Macca aneKTpuHecKoro no¬ 
na, onpenenacMaa BBipaaceHiieM (6.14), HiicpnnoimBiMH cbohctb3mh Boo6me He 
o6na^aeT, T.e. Macca m 0 (6.11) sneicrpoHa e TonBKO Ha 2nio/3 sneKTpoMarHHTHO- 
ro nponcxovK/ieiiiia. a Ha mJ3 aBnaeTca \iaccoii MexaiiHHCCKoro nnn KaKoro-TO 
npyroro hch3bccthoto iipoi-icxovKncima. O/nraKo naniroc npc.inono’/Kcime, c 

TOHKH 3peHHa CTpOTOCTH TeOpeTHHeCKOTO 110,3X0,Ta, T3K5Ke Heni>3a CHHTaTB , 30 c- 
T3T0HH0 y,30 B.3CT BO p HTC-3 BIIBIM. 


2. /IctJjopMamiH 3JieKTpHHecKoro nona aBHacymerocn sapsi ia 
h MarHHTHaH 3HeprHH 


C nenbio oTBicKaHna 6onee npneMne- 

MBIX COOTHOHieHHH MC>K,3y KHHCTHHCCKOH 
3HeprneH ^BHacymeroca sneKTpoHa W k h 
KHH eTHHecKOH siicprHCH ero oneKTpoMar- 
hhthoto nona paccMOTpuM cnc/iyioim-m 
npuMep. IlycTB mbi HMeeM sncKTpon e, 
,3bh>K ym h ilca co CKopocTBio v no HanpaB- 
neffliio AB (puc. 41). HanpavKcmiocTB Mar¬ 
HHTHoro nona b tohkc Ha6nio,neHHa M T 
6yneT paBHa [4, 5] 
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H = --^sina = -Esina ■ (6.28) 

cr‘ c 

HanHHHC MarHHTHoro nona H (6.28) b npocTpaHCTBe okojio n b h acym c roc h 
aneKTpoHa e o6ycnoBneHo HannHneM b stom npocTpaHCTBe aBiiacymeroca sneic- 
TpunecKoro nona E (6.24) ot stoto sneicrpoHa h ,nec|}opMaHHeH BeKTopa sneic- 
TpunecKoro nona E Ha yron <p, onpezienaeMoro H3 OTHomefflia ana yrna a6eppa- 
HHOHHOrO CMemeHHJI [6] 

sin cp = v/c. (6.29) 

OTKyaa ana aeijjopMHpoBaHHoro aneRTpunecKoro nona aBnacymeroca aneic- 
TpoHa moVK iio 3anHcaTi> 

E' = E sin <p = Ev/c. (6.30) 

C y l iCTOM (6.30) BtipaaceHHe ana MarHHTHoro nona (6.28) npcoopasycTca k 

BH/iy 

H= E' sin a = E'i_, (6.31) 

T.e. H3BecTHoe BBipaaceHiie jsji a HanpaaceHHOCTH MarHHTHoro nona (6.28) npea- 
CTan.THCT coooii He hto HHoe, KaK BtipaaceHHe ana n cp n c na h Kyaapnoii cocTaB- 
junomeii nec()opMnpoBaHHoro aneKTpHHecKoro nona E' (6.30), a-na KOTopon 
cnpaBeamiBO 

v . 1 ev 

E l = £'sina = — £sin a =--sina. (6.32) 

c c r 1 

TaKHM o6pa30M, aonymemie o aec|)opMaHHH aneKTpiiHecKoro nona E' (6.30) 
,TBH>KymcrocH aneiapoHa e, c tcopcthhcckoh tohkh ipennsK BnonHe npucvmc- 
mo, h nepneHaiiKynapHaa cocTaBnaiomaa E' aec|)opMHpoBaHHoro aneKTpiiHecKO- 
ro nona npeacTaBnaeT co6oh oOtiHHoe MarHHTHoe none El (6.28) aBiiacymeroca 
sneKTpoHa. Ho H3 (6.30) cneayeT, hto aecjwpMHpoBaHHoe aneRTpiinecKoe none 
OKono nriH'/KymcrocH sncKTpona ocTaeTca He pan hum Hynio TaioKe h b HanpaB- 
neHHH aBiiacefflia 3apaaa. Ecnn aecjjopMauiia aneKTpHHecKoro nona E' (6.30) b 
HanpaBneHHH, nepneHamcynapHOM k ero .tbh/Kciihio. npHBoni-iT k noHBnciinio 
nepneHflHKynapHOH cocTaBnaiomeH aecjjopMiipoBaHHoro sneRTpunecKoro nona 
E\ (6.32) (T.e. k noaBneffliio oObihhoto MarHHTHoro nona H (6.28)), to jie(J)op- 
Mauna 3neKTpHHecKoro nona E' (6.30) b HanpaBneHHH aBiincefflia sneKTpoHa 
(HanHHHe TaKoil aecjjopMaiiHH noaTBepacaaeTca HanunneM y aBiiacymeroca aneic- 
TpoHa 3ana3^BiBaiomHX noTeHiinanoB) aonncHa npiiBoanTB k noaBneHHio eme 
napannentHOH cocTaBnaiomeH aec|}opMHpoBaHHoro aneKTpiiHecKoro nona E' y, 
onpeaenaeMOH cornacHO 
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7% = E'cosa = — Ecosa , (6.33) 

c 

r/ic a - yron MOK/iy p an nyco m - rs c kto po m r h CKopocTBio v. Btipancefflin (6.32) h 
(6.33) Rim KOMnoHGHT necjjopMiipoBaHHoro 3JieKTpnHecKoro noun E' (6.30) 
MO)KHO npe^CTaBHTB B BGKTOpHOil (J)OpMe 


E'x = —[v x E], 
c 

(6.34) 

E|! = —(v • E). 

(6.35) 


c 


Ecjih c cymecTBOBaHHeM netJiopMHpoBaHHoro sneKipimecKoro noun E' ± 
(6.34) conocTaBJineTcn cymecTBOBaHiie vianiHTnoro nonn H (6.28), KOTopoe 
y/iooircc 6 bijio 6bi oDoana'iHTb KaK //, T.e. 

H ± =E'j_ = —[vxE], (6.36) 

c 

to H3 cymecTBOBaHH^ ^e^opMHpOBaHHoro oneKTpHHecKoro nojifl E\\ (6.35) cne- 
^yeT B03M0)KH0CTb cymecTBOBamra okojio ^BH^cymeroca 3JieKTpOHa eme «Mar- 
hhthoto» nojw H\\, onpe^enaeMoro (J)yHKU,HOHajiBHOH 3aBHCHMOCTbio BH#a 

Hi, = Ey = —(v • E). (6.37) 

c 

06nanaeT jih none H (6.37) cj)H3HHecKHMH CBOHCTBaMH H3BecTHoro Mar- 
HHTHoro noun H± (6.36) huh KaKHMH-nnoo hhbimh - otbcthtb noKa saTpy.inH- 
TentHo, oniiaKo co Been onpcncjiciinocTBio mo>kho yraepncnaTb, hto Ha o6pa30- 
BaHHe noun H\\ (6.37) (huh Ha necjjopMauHio sneKipimecKoro noun E b HanpaB- 
neHHH .TBHVKcnini jneKTpona), aHanoriinHO KaK Ha o6pa30BaHiie nonn H± (6.36) 
(hjih Ha necjjopMaiiHio aneRTpunecKoro noun E 3JieKTpoHa b HanpaBnemiH, nep- 
neH^HKynnpHOM k ero hbhvk'ciihio), ponvKiia 6biTb saTpaHcna BnonHe onpenc- 
neHHan SHepran. Ecuh ana SHeprrai MarHHTHoro noun H± (6.36) (huh xpin 3Hep- 
thh ziec|)opMaHHH noun E'±) HMeeM 

2 

W H =—[HldV = —\E' 2 sm 2 adV = —^-\E 2 sm 1 adV, (6.38) 

1 8n J 8n J 8k c 2 J 

V V V 

to, cooTBeTCTBeHHo, ana sHeprrai nona H\\ (6.37) (huh ana 3HeprnH aec^opMamiH 
noun Zs’ii) mo>kho 3amicaTb 
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1 

1 ' H 2 dV = —\ 

\ E’ 2 cos 7 a dV = — \ E 2 cos 2 a dV 

8ji . 

8ji . 

1 8 71 c 2 J 


V V V 


CyviMapnaa sHeprun noneii // (6.36) h II (6.37) Dy/iCT paBHa 

W n =W H +W H = —f HldV + —[ HndV = 

" 1 11 8ji J 1 8ji J 


(6.39) 


8 71 c 2 

IlojiaraH H n = E' 



v 

(sin 2 a + cos 2 a )dV = 


v 



E 2 dV. 


(6.40) 


V V 

= vE/c , BBipa)KeHHe (6.40) mc»kho nepeimcaTb b BH^e 


w --k\ Hlir - 

V 


(6.41) 


r/je H n - pe3yni>Tnpyiomee MarmiTHoe none /tBiincymerocn sneiapoHa. CornacHO 
(6.40), (6.41), npeanonaran CTpyKTypy sneiopoHa c(j)epnHecKon, /pin SHeprim 
pe3ym>Tnpyiomero MarmiTHoro noun H n 6yneM hmctb 


W„ 



(6.42) 


hjih, c yneTOM (6.13), 


K = ^w k , 


(6.43) 


hto 3 KBHBajieHTHO (6.2), (6.7), (6.23). PaBeHCTBO (6.43) c yneTOM (6.42) mo)kho 
3 anHcaTb eme b BH^e 


W u = 


m H v _ m 0 v _ 




(6.44) 


r/je nin = e7(r 0 c 2 ) - pe3yjH>Tiipyioman HHepTHan Macca MarmiTHoro noun sneic- 
TpoHa. H 3 (6.44) nenocpc/iCTBcnno ycTaHaBJiHBaeM tovk/icctbo 


m H = m 0 , 


(6.45) 


T.e. HHepTHan Macca pe 3 yin>THpyiomero MarmiTHoro noun sneiapoHa nin Tonc/ie- 
CTBeHHa Macce noKon 3 JieKTpoHa m 0 . nonyHeHHBiH pe 3 yni>TaT (6.45) CBH/ieTeiH>- 
CTByeT b nom> 3 y noimoro an e kt p o m a n m t n oro nponcxo'/K/icnnn viaecbi noKon 
SJieKTpoHa mo, npii'icM. b othhhhc ot H 3 BecTHbix bbibo/iob [1,4] h np.. nony'icno 
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TOHHoe paBGHCTBO viac'cbi MarHHTHoro noiia saeKTpoHa nin «McxanH'iccKOH» 
Macce 6e3 ^ononHHTentHtix /lonymeni-iii o BnyTpeimeii cipyKType saeKTpoHa. 


2. MexaHHHecKne h 3JieKTpoMarHHTHbie iiiicpuiioinibic CBOHCTBa 
CryCTKOB 3JieKTpOHOB 


IloiiyHeHHoe paBeHCTBO (6.43) Hafi^eHO noxa npuMeHUTentHO tojibko k 
oflHHOHHOMy 3JieKTpoHy. J\jm Toro hto 6 bi (6.43) 6 hjio npneMneMO zpia nio6oro 
KonunecTBa saeKTpoHOB (/urn crycTKa hjih ny'iKa), iicodxo.thmo ncpccviOTpcTB 
npeacTaBneHHJi o HeH3MeHHOCTH (npn v « c) bcjihhhhm Maccti noKoa 3JieKTpo- 
Ha mo b ciiynae B3aHMO,neHCTBHa ero c apyrnMH saeKTpoHaMH. HanpuMep, ecJiH 
crycTOK H3 N sneKipoHOB ycKopeH 30 CKopocra v, to noaHaa KHncTH'iccKaa 
SHepriM 3Toro crycTKa /lOJT/Kira onpe,zjejiaTbca yace He paBeHCTBaMH BH/ia (6.2), 
(6.7), (6.23), x.e. 


W n =W k = 


Nm 0 v 2 


(6.46) 


a 3aBHCHMOCTBIO BH/13 (6.42) 


1 


8 71 


1 ' 


W=—\ HzdV = 


M„v z 


(6.47) 


ryie M n - pe3yni>THpyiomaa 3JieKTpoMarHHTHaa HHepraaa Macca 3JieKTpoHOB cry¬ 
cTKa. Orayna cpeflHaa 3(})(|)eKTHBHaa (b CMbicne peantHO npoaBJiaeMaa) 3JieK- 
TpoMarHHTHaa miepTiiasi Macca o.Tiioro 3JieKTpoHa b crycTKe onpe^ejiHTca KaK 

7 - f H ldV » m 0 . (6.48) 

v N Nv 471J 


C yneTOM (6.48) BbipaaceHiie (6.47) motkho nepenncaTb 


W„ =- 


*3(J) V 


(6.49) 


npiiMemiM paBeHCTBO (6.49) Zina onpezieJieHHa khhcthhcckoh ancpniH, Ha- 
npHMep, cijjepHHecKoro crycTKa pazinyca R m N 3JieKTpoHOB. YHHTbiBaa, hto Ha- 
npa>KeHHOCTH noacii II h II ot ctliepn'iecKoro crycTKa onpeaeiiaTca Bbipaace- 

HHHMH 


v vNe . 

H j_ = — E sin a = — — sin a 
c cr" 


(6.50) 
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H 

Hu = —E cos a = ^^-cosa , 
c cr 2 


(6.51) 


to H3 (6.49) cne^yeT 


=— \hI<iv+— \hI<iv=— f 
87i J 8ji J 87i J 


Nev 
2 

r c J 




dV = 


N 2 e 2 v 2 


— — = A Z 


2 R c 


R 


r n c 


— = AT — 
2 R , 


TOnV 




\=H‘ 


R 


W kn , (6.52) 


TOe r 0 - pa^nyc oneKTpoHa. TaKHM o6pa30M, /pia crycTKa sneKTpoHOB He- 
H3MCIIIIOH BeHHHHHBI Ft JR = Const, yBC.TH'ICime KOJTHHeCTBa 3JieKTpOHOB B crycT- 
Ke b N pa3 (yBcnnHcime nnoTHOCTH iapn.Ta b N pa3) yBenHHHBaeT Ki-meTHHCCKyio 
3Heprnio crycTKa b N 2 pa3, Mcnc/iy TeM KaK cornacHO (6.46) Ki-mcTHHCCKaH rnep- 
rna crycTKa .qoiDKHa B03pacra toubko b N pa3. 

Otjihhhc HiicpuHOimbix cbohctb sneKTpoHOB b iuioTHBix nyiKax OT HHep- 
UHOHHBIX CBOHCTB O.THIIO'IIlblX 3JieKTpOHOB HJIH SJieKTpOHOB B MeHee njIOTHBIX 
nyiKax /locTaTonno narnsinno npoaBnaerca npn paccMOTpeHini /locTaTonno 
77JIHHHBIX npjIMOIIHHeHHBIX nyHKOB 3JieKTpOHOB. IIpeXinOnOTKHM, HTO MBI HMeeM 
/(Ba 3JICKTpOHHBIX nyHKa OflHHaKOBOTO CeneHUJI Ka)K,HBIH C TOKOM 7 (it = 12 = i), HO 
ozihh nyroK b cchchhh Tpy6HaTbiH, c bhchihhm pajinycoM r \, a zipyroii cnnoni- 
hoh c pajjnycoM r 2 (/'i > r 2 ). SneRTpiinecKHe chubi pajjHajitHoro pacTanKHBaHiia 
3JICKTpOHOB B nyHKe CHHTaeM CKOMneHCHpOBaHHBIMH (J)OKyCHpyiOmHMH CHJI3MH. 
rio.TC'iCT 3HeprHH MarHHTHoro nona bo bhchihcm npocTpaHCTBe sthx tokob (co- 
CTaBnaiomaa nona H \\ ana npaMomiHeiiHoro TOKa paBHa Hynio) 


H 



(6.53) 


(6.54) 


aaeT ana hhx pa3Htie 3HaneHHa W\ < Wi, Tax KaK MarHHTHoe none BHyTpn rpy6- 
kh TOKa paBHO Hynio, a MarHHTHoe none BHe Tpy6KH TOKa GOGTaBnaeT nacTi, 
MarHHTHoro nona ot cnnoniHoro nyHKa TOKa. CneaoBaTentHO, rjul nyHKOB sneK- 
tpohob onHiiaKorioii nmnibi aHeprna MarHHTHoro nona, 3anaceHHaa b cnnoniHOM 
nyHKe, npenocxoniiT aneprwo MarHHTHoro nona, 3anaceHHyio b rpyGnaTOM nyi- 
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Ke. A TaK KaK npn onunaKOBOH CKopocTH hbh/Kciihh 3JieKTpoHOB b nyHKax kojih- 
necTBO aneKTpoHOB Ha e/iHHHue hjihhbi Tpy6naToro h cnnoniHoro nyHKa oniiHa- 

KOBO (BBH/iy paBGHCTBa TOKOB i\ = /i), TO, CJieHOBaTeilBHO, HIlCpilHOimBIC CBOH¬ 
CTBa Ka>K/ioro sneKTpoHa cnnouiHoro nyHKa npeBocxonuT HHepHHOHHtie cboh- 
CTBa 3JicKTpoHOB TpyonaToro nyHKa. TaKHM o6pa30M, nccMOTpa Ha to, hto ko- 
jiHHecTBO 3JicKTpoHOB Ha ennHiiuy hjihhbi ojjhoto h npyroro nyHKa H CKOpOCTH 
HBHTKeHHJI 3JICKTpOHOB 3THX nyHKOB OflHH H Te )Ke, nCpCIIOCHMaH HUH KHHeTHHe- 
CKaa sncprua oKaiBiBacTca pa3HOH. Ha bo3mo>khoctb otjihhhji i-mcpnnoimBix 

CBOHCTB SJieKTpOHOB B CTyCTK3X OT HHepHHOHHBIX CBOHCTB OflHHOHHBIX 3JICK- 

TpoHOB yKa3BiBanocB b CBoe BpeMH b pa6oTe [7]. Ha otjihhhc m3thhthoh 3Hep- 
THH njIOTHBIX nyHKOB OT HX MeXaHHHeCKOH 3HepTHH yKaiBIBaCTCH b pa6oTax [8- 
10], B KOTOpBIX aBTOpBI CCBIJiaiOTCJI Ha B03M05KH0CTB npeBBIHieHHH M3THHTHOH 
3HeprHH nnoTHoro nyHKa Han MexaHHnecKOH bo mhoto pa3, xotji He noniiHMacT- 
CH Bonpoc O nOJIHOM COOTBeTCTBHII M3THHTHOH 3HepTHH OflHHOHHOTO SJieKTpOHa 
c ero KHHeTHHecKOH sneprucH. B peanBHOM cnynae, npn o6pa30BaHHH /rocTa- 
TOHHO njIOTHBIX SJieKTpOHHBIX CTyCTKOB H nyHKOB B paipH/UIBIX H yCKOpHTeUB- 
HBIX CHCTeMaX, HHepHHOHHBie CBOHCTBa CTyCTKOB H nyHKOB, KaK nOK33BIBaiOT 
pacneTBi, MoryT npcBocxoniTn. MexaHHHecKne unepnnoimBic CBOHCTBa MaccBi 
3THX CTyCTKOB H nyHKOB B COTHH H TBICJIHH pa3. TaKafl )Ke OoUBHiaH KHHeTHHe- 
CKaH jncprHH oy.TCT 3anaceHa b sthx crycTKax h nyHKax, h Taxaa >Ke OonBHiaa 
SHeprHH noTpeoycTCfl ot reHepaTopa ycKopaiomcro iianpHVKenHH nns toto, hto- 
6bI yCKOpHTB 3TH CTyCTKH H nyHKH. 

PaCCMOTpHM HeCKOJIBKO HHCJieHHBIX npHMepOB npOHBJieHHH Soubuihx 
HH epunoHHBix cbohctb 3JieKTpoHOB b nnoTHBix crycTKax h nyHKax. 

3. IlpaKTHHecKHe npnMepbi 3JieKTpoMarHHTHbix iiiicpmioinibix cbohctb 

CryCTKOB SJieKTpOHOB H HHflyKTHBHblX TOKOBbIX CHCTCM 

1. npennonoacHM, hto c ocTpira KaTO/ia npn BaKyyMHOM HCKpoBOM paapn/ic 
BBipBIBaeTCH CTyCTOK H3 N = 10 15 3JieKTpOHOB, KOTOpBIH 3a HeKOTOpBIH 
npoMOKyTOK BpeMeHH npnoopcTacT ckopoctb v. /Jn a npocTOTBi pacneTOB 
HonycTHM, hto crycTOK HMeeT cjiopMy uiapa pannycoM r m = 1 mm, h 3apnn 
crycTKa paBHOMepHO pacnpeneneH no ccjiepe iuapa. B stom cnynae, co- 
rnacHO (6.47), asm ycKopeHHJi crycTKa ho CKopocTH v iicooxohhmo 3aTpa- 
thtb sncpriiio 

W=W k =—[HldV = — f H{dV + — f HudV . (6.55) 

n k 8 jiJ " 8ji J 1 87i J 

V V V 

nOHCTaBJIHH npC.TCJTbl HHTerpHpOBaHHH, HJIH nOIIHOH KHHeTHHecKOH 3Hep- 
thh crycTKa W K nonynHM 
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CO n 

-s// 


w k =- 


K„ o 


Nev 
r 2 c J 


2nr dr da = — 


1 N 2 e 2 v 2 


N 


r„,c 


V'rn /V '0 


2 2 
e v 


V" 


(6.56) 


EcJIH >Ke HCX07IHTB H3 HHCTO MCXailHHCCKHX npC.lCTaB.TCIIHH O KHIICTH'ie- 
CKHX CBOHCTBaX 3JieKTpOHOB (6.2), (6.7), (6.23), TO /UTfl KHHeTHHeCKOH 3Hepriffl 
crycTKa H3 N sneKTpoHOB, c yneraM (6.13), 6yneM hmctb 


w; = a | 


( 2 > 
m 0 v 

_ N 

fN 

<N 

V_ 

2 

V / 

~~2 

l W 2 J 


(6.57) 


H 3 OTiiomciiHM (6.56) n (6.57) naxo/iHM 


ff/ r 

r k m 


HJIH, B HHCJieHHOM Bblpa^KeHHH 


• 2 , 8 - 10 " 


10 " 


- = 2,8 • 10 J 


(6.58) 


(6.59) 


KaK BH/TIIO H3 (6.59), KHIICTH'ICCKaH SIlCpTHSl W K CTyCTKa H3 A 3JieKTpOHOB, 
BtiHHcneHHaji no cjjopMyjie (6.56), 0Ka3i>iBaeTca 6om>me b 2,8-10 3 pa3 khhcthhc- 
ckoh SHeprnu W K stoto >Ke crycTKa, bbihhcjiohhoh no KJiaccnnecKHM cjjopMyjiaM 
(6.2), (6.7), (6.23). Ecjih KHHeTHHecKyio SHeprmo crycTKa W K (6.56) Btipa3HTB 
nepe3 3cJ)cj)eKTHBHyio 3JieKTpoMarHHTHyio Maccy m 3 § ozchoto sneicrpoHa 


W k =N \| 


f 2 > 
m^v 


to H3 OTHomeHHJi (6.58) naxo.THM 


nijfy/m 0 = k, 


(6.60) 


(6.61) 


T.e. cpe^Hjra scjjcjjeKTHBHaa 3JieKTpoMarHHTHaa Macca m 3l j, Ka>K,noro sneKTpoHa b 
crycTKe 0Ka3tiBaeTca Gontnie Maccti noxoa m 0 cboGozihoto sneicTpoHa b 2,8-10 3 
pa3. 

2. Onpc.TcaHM khiicthhcckhc Hnepnnoimuc CBOHCTBa sneiapoHOB npoBO- 
2IHMOCTH b KpucTaminnecKon pemeTKe npoBO.THHKa concircm/ia. IlpuMeM 
HHCJIO BHTKOB COJICHOH.Ha paBHBIM CO = 1000, BHeiHHHH pa^HyC COHeHOH.ua 
R = 10 cm, BHyTpeHHHH pannyc coneHOH.ua r = 7,5 cm, nniiHa coneHOH.ua / 
= 4 cm, cc'iciihc Mcpnoro npoBopa AS = 1 mm 2 , vianiHTnaci nponnnac- 
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moctb (|)cppo\ianiHTnoro ccp/icnni-iKa p = 1000. UnayKTHBiiocTb coae- 
Honpa onpeaeniiM no (JiopMyjie [11] 

L = kno[i(d 2 S/l, (6.63) 


rae k - K03(j)(])HUHeHT (k = 0,2); p 0 - aScomoTHaa MarmiTHaa npommae- 
moctb (p 0 = 4ji-10~ 7 ); S = n R 2 - ceneHne coaeHonpa. IlopcTaHOBKa HHCJieHHBix 
Beannun b (6.63) paeT 


L = 0,2 


4^r -10 7 -10 3 


10 6 ^r -10 2 


4-10 


= 197th «2 -10 2 th ■ 


ripc.inoaovKHM Tenept, hto, npnaaraa k aaeKTponaM npoBopuMOCTH cone- 
Honpa cnny F, mbi ycaopacM nx no cKopocra v. 9 to cooTBeTCTByeT coiaanwo b 
nenn Toxa i npn 3aMBiKaHnn ee Ha BHeniHiin hctohhhk TOKa. ycKopenna 
aaeKTpoHOB npoBopuMocra po ckopocth v TpcoycTca 3aTpaTHTB 3Heprmo W n 
pira npeoaoaeima cun nncpnnn aacKTponoB n CBaaaimoro c hhmh MamuTHoro 
nona, paBHyio 

W n = Li 2 / 2. (6.64) 

MaKCHMajIBHBIH 3-3CKTpH l ICCKHil TOK /, KOTOpBIH MO)KHO npOnyCTHTB HCpCi 
npoBopHHK cc'iciihcm 1 mm 2 , npuMeM paBHBiM 10 A. Ilpn 3 tom ianaccimaa b 
nocTynaTcaiaioM aBH/Keimn aacKTponoB npoBoanMOCTH KHncTH'iccKaa aneprna 
oyacT paBHa 

W n = 2-10 2 -10 2 /2 = 10 4 J\yK. (6.65) 

KoannecTBo jacKTponoB npoBoanviocTH N b npoBoaniiKc coacnon.aa Han- 
peM coraacHo (JiopMyae 

N = + r ja>/? 0 , (6.66) 


TRG Ho - KOHU,eHTpatl,H^ 3JieKTpOHOB npOBO^HMOCTH B Me^HOM npOBO^HHKe 
(«o = 10~ 2 ). PloacTaBJUM b (6.66) HHCJieHHBie bojihhhhbi, nonymiM 

N = 10 2 • 2 • 3, 14 ^ 10 ~ ?,5) + 7 , 5 ! • 10 3 • 10 22 » 5,5 • 10 24 . 

Ckopoctb v aaeKTponoB npoBoanMocTH b npoBoannKc coacnonaa mtokho 
onpepeanTB H3 cjjopMyjiBi 


i = av = ASnoev, 


( 6 . 67 ) 
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171 c o - jiiiHeifflaa iijtothoctb 3apa.ua, e - 3apa;i sneopoHa. IlepeniicaB (6.67) b 
BH^e 

a = i/(ASn 0 e) ( 6 . 68 ) 


h no^CTaBHB HucneHHBie bgjihhhhbi, noJiynuM 


10-3-10 9 

4,8 • 10 ~ 10 -10 22 • 10 ~ 2 


~ 0,6 cm/c. 


npHHHMaa BO BHHMaHHe (6.49), TUTfl nOUHOH KHIICTH'ICCKOH 3HepTHH 3JieKTpOHOB 
npoBOflHMOCTH b npoBo.niHKC mo>kho 3aniicaTt 

W K = Nm^v 2 / 2. (6.69) 

IIo^CTaBnaa B (6.69) H3BeCTHBie BeJIHHHHBI W K = W n , N, V, JSJI a 3(J)cJ)eKTHB- 
hoh Maccti o.woro sjTCKTpona b KpiicTajuiHHecKOH pemerae nporsoTUiHKa oy/iCM 

HMOTB 


2 • 10 4 - 10 7 
5,5 • 10 24 (0,6 ) 2 


10 13 r. 


(6.70) 


CpaBHHBaa 3cj)c|)eKTHBHoe 3HaneHHe Maccti ozihoto 3JieKTpoHa w, ( j, = 10 ~ 13 r 
B KpHCTaJIJIHHeCKOH peineTKe npOBO^HHKa C MaCCOH nOKOH 0,ZJHH0HH0r0 3JieK- 
TpoHa m 0 = 9,1-10 ~ 28 r, HaxojpiM 


m 34 . 

m 0 


10~ 13 

9,1 • 10 28 


1,1 10 


14 


T.e. scjxjieKTHBHaa 3JieKTpoMarHHTHaa Macca oxjhoto sneicipoHa b KpHCTannHHe- 
ckoh peineTKe npoBoamnca OKa3anacb cpaBHiiMoil c Maccoil npiiMepHO 10 11 npo- 
TOHOB. BToObI yOCpiITtCJI B IipaBHJItHOCTH npOBC/lCIIHBIX BblHHCHeHHH, no/icTa- 

bhm nonyneHHoe 3Hanemie scjxjieKTHBHOH Maccti ozjhoto sneKTpoHa (6.70) b 
( jiopMyny .una khhcthhcckoh SHepnni (6.2), (6.7), (6.23), T.e. 


W k = 


jV(l,M0 14 m o )v 2 

2 


(6.71) 


HJIH B HHCJieHHOM Bblpa^KeHHH 


W k = 10 28 (0,6) 2 s 1Qll ^ 1()4 ^ 


hto cooTBeTCTByeT 3HeprHH W n (6.64). 
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BblBO/Ibl 

TaKHM o6pa30M, m paccMOTpeHHBix BBirne npiiMepoB mojkho c^eJiaTB bbi- 
bot, hto o6Hapy>KHBaeMi>ie 3HaHHTejiBHBie HiicpnnoniiBie cbohctb3 kojijickthb- 
hbix 3JieKTpoHOB npn KonneiiTpannn hx b p a ex' m aTp hbtcmbix oOreMax «o = 10 16 
CM ^ H BBIIIIC OnpCTCJIHIOTCH, B OCHOBHOM, TOJIBKO SJieKTpOMaTHHTHOH MaCCOH 
3apa/ia snexipoHOB Nm^, MOK^y tcm KaK pout «MexaHHHecKOH» Maccti 3JieK- 
TpoHOB Nm<) , ecnH TonycTHTB, hto OHa cymecTByeT, OKa3BiBaeTCJi hhhtojkho 
M anofi. BoJiee toto, npn yMciiBineiiiiH KonneiiTpannn 3JieKTpoHOB h nepcxo.TC k 
othhohhbim 3JieKTpoHaM 3 ji e kt po m a r 11 h t 11 a a Macca 3JieKTpoHOB yMeHBmaeT CBOe 
3HaHeHne h Him othiiohiibix 3JieKTpoHOB OKa3BiBacTca pari noil Macce noKoa 
3JieKTpoHa = Wo, m Hero mojkho onenaTB bbibot, hto «MexaHHHecKaa» 
HHepunoHHaa Macca »; 0 y 3-TCKTpoiia Boo6me OTcyTCTByeT, a npoaBJiaeMaa b 
3KcnepnMeHTax Macca o.thiio'iiibix sjieKTpoHOB m t] aBJiaeTca hotiioctbio Maccon 
3JieKTpoMarHHTHoro nponcxo)K,neHH5i. KpoMe toto, H3 nocneTHero npiiMepa 
CTCTyCT. HTO npii nOJIHOH MeXaHHHCCKOH HIlCpiIHOIlIlOH H rpaBHTailHOIlHOH Mac¬ 
ce Bcero co:ieHOJi,na c ccptchiihkom, pa bi toil He 6ojiee 10 kt, Hiicpimoiniasi Mac¬ 
ca Bcex N = 5,5-10 24 3JICKTpOIIOB npOBO.THMOCTH npOBO.THHKa COTCIIOHTa OKa3BI- 
BaCTCfl paBHOH 

M. A) = Nm^ = 5,5-10 24 -10 13 = 5,5-10 u r = 5,5-10 8 kt, 

hto Oojtcc neM Ha 7 nopH.TKOB npeBBimaeT rpaBHTaiiHoiiiiyio McxaiiHHCCKyio 
Maccy Bcero cojieHOH.ua bmcctc c ccptchiihkom. /lainiBiil bbibot cBHTCTCJiBCTBy- 
eT b noJiB3y toto, hto o6Hapy>KHBaeMaa y kojijickthbhbix 3JieKTpoHOB npn 
6ojibhihx KoiinciiTpaiiHJix iiia'iHTCTBiiasi HiicpiiHoiniaT 3 ji e kT p 0 m ar1 1 ht1 1 a ji Macca 
rpaBHTaHHOHHBIMH CBOHCTBaMH He OOJia.TaCT. A TaK KaK Macca OT HI 10 HI 10 TO 
3JieKTpOHa TaK/KC 3JTC KTpO Ma r 11HT110 TO npOHCXOVK.TCUHSI. TO M05KH0 33KJIIOHHTB, 
HTO 3JieKTpOHBI (a TaiOKe n03HTp0HBl) KaK Iiai-IOOTCC npOCTBie 3JT C M CIIT3 p 11BI c 
nacTHUBi boooihc jiHHieHBi rpaBHTaiiHoiniBix cbohctb. OTcyTCTBHe rpaBHTaim- 
OHHBIX CBOHCTB y 3JieKTpOHOB O 6 113 p y VK H B 3 C T C JI B 3KCnCpHMCIITaX [12, 13], XOTfl 
aBTopBi 3Kcncp hmciitob o6Hapy>KeHHoe hmh hbjichhc HHTepnpeTupyioT C Tpy- 

THX H03HHHH. 
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TjiaBa 7. Chctcmm ypaBHeHHH ajih BHxpeBbix 3JieKTpHHecKHX nojieii 
paBHOMepHO h ycKopeHHO jjBHJKymerocsi 3apaaa 

(1980 r.) 

1. BnxpeBbie AJieKTpHiecKHe nojia paBHOMepHO gBHJKymerocH 
OAHHOHHoro 3ap»Aa 

Hcnont3ya hibcctiibic npeflCTaBnemui o 3aKOHax tii e kt p o n h n a mitkit , onpe- 
AeaHM Bee Tiinbi noneii, Koraptie Mo>KeT iTinyiUTpoBaTB b npocTpaHCTBe okoho 
ccost paBHOMepHO h npuMomiHeiiHO .TBiivKyiHuiicH japan. BbirainieM CHCTeMy 
ypaBHeHHH MaKCBenna Ann sneKTpimecKoro nonn E ABiincymerocn co CKopo- 
ctbio v (v « c) napnna e b BHAe 

divE = 47ip, (7.1) 

rot E = 0, (7.2) 

E = -grad<p. (7.3) 

PemeHiie cucTeMBi ypaBHeHHH (7.1)-(7.3) Ann cKannpHoro (p h BeKTopHoro 
E noned ABHncymerocn napnna e HMeeT TpiiBiianBHBiii bha 

p dV _ e 
|r-r 'f 7^)’ 

E = - grad (p = — S -— R((). 

R\t) 

CoraacHO (7.4), (7.5) cneAyeT, hto b npocTpaHCTBe okoho paBHOMepHO h 
npHMOHHHeHHO abit'/KV merocn japn.na e HiiAyiinpycTOT nepeMeHHoe bo BpeMeHH 
CKannpHoe none (p(t) (7.4) h nepeMeHHoe bo BpeMeHH BeKTopHoe none E(() (7.5). 

OAHaKO b npocTpaHCTBe abhvky m c ro ch paBHOMepHO h npaMOHHiieiino 3a- 
pnAa e, noMHMo sneRTpiinecKiix noneii <p(t) (7.4) h E(() (7.5), aohikhbi iiHAyiin- 
poBaTBcn eme h ManiHTiiBic nonn M h //. /Inn onpcAcncniTa vkc Mann-miBix 
noneii ABiincymerocn 3apnAa e MonceT 6bitb ncnonB30BaHO HecKonBKO pa3nnn- 
hbix MeTOAOB (cm. rnaBy 5 Aaimoii KHiim). CymHOCTB KancAoro MeTOAa onpeAe- 
nncTcn TeM, KaKHe npeAnocBiHKH 3aKnaA bi Ba iotc n b ocHOBy npcACTaBneniiyi 06 
HHAyKiiiiH MarHHTHBix noned TOKaMii. B nacTHocTii, nepBBid MeTOA, kotopbih b 


(7.4) 

(7.5) 
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KaKOH-To cTeneHH cooTBeTCTByeT H3BecTHOMy MCTO.iy penicillin ciicTeMBi ypaB¬ 
HeHHH MaKCBenna Bujia 


div H = 0, 

(7.6) 

471 

rot H = —j n , 

(7.7) 


c 


ocHOBtiBaeTca Ha (J)opMajiBHBix npezjCTaBneHHJix, hto MarHHTHtie noim flBHiacy- 
incrocn aapflTia e Hn.TyniipyioTcn TOKaviH nepeHoca j n no npunnuny najitHoneH- 
ctbh 5 i. Btopoh mctoti ocHOBtiBaeTcn, onjiTt *e, Ha (JiopMajiBHBix npcncTarwcnn- 
jix, hto MarHHTHtie nona 71 b n vky m c roc h iapn/ia e iimyniipyioTcn odparatiMH 

TOKaMH CMemeHHJi j" M no npunnuny orniiKO/iciicTBiin. H, naKoncn, TperaH Me- 
Ton ocnoBMBacTCfl Ha npc/iCTaBJicniinx. hto MarHHTHtie nona .TBiivKymcroca 3a- 
pn/ia e iin/iyniipyioTcn TOKaviH cMcnicnna j CM no npunnuny on hi ko,tc ii ct b n a. 

P aCCMOTpHM KOpOTKO CynHIOCTB Ka>K,TOrO NT CTO/I a B OT/ICJTBIIOCTH. 

1. J\jul orincanna MarHHTHBix noneii Hi h //, .TBii'/Kyinerocn 3apn/ia e ncpci 
tokh nepeHoca j n 3annmeM H3MeHeHHyio h oTKoppeKTupoBaHHyio cncTe- 
My ypaBHeHHH MaKCBenna cnyHaa 

div Hi = 0, (7.8) 

rot Hi +grad//|| =— j n . (7.9) 

c 

Bbotw BeKTopHtiH noTenniiaji A 

rot A = Hi, (7.10) 

div A = H\\. (7.11) 

cucTeMa ypaBHeHHH (7.8), (7.9) nerKO npiiBoniiTca k ypaBHeHHio IlyaccoHa 

AA = - —j n • (7.12) 

c 


PeineHH^ jxim BeKTOpHoro noTeHijHajia A h MarHHTHBix noneM h H\\ 
o^HHOHHoro ^BH^cymeroca co cxopocTBio v 3apjma e HMeiOT bh^ 


5V 

A =I ey 

c J | r — r' | cR(t) ’ 


(7.13) 


H ± = rot A = — \ —[vxR(f)], 
cR 3 (t) 


(7.14) 
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H n = -div A = —(v-R), (7.15) 

cR\t) 

171 c 8V- oobcm aapsipa e. 

2 . J\jul onacaHHH viariiHTiiBix nonefi Hi h //, .iBH/Kyincroca aapapa e 'icpca 
OOpaTIlBIC TOKH CMCIHeilHH j” M , BanHIlICM CHCTGMy ypaBHeHHH B BH/1C 
(cm. rnaBa 5 .naHHOH khkth) 


div Hi = 0, 

(7.16) 

. „ 4ji . 4ji 

rot H ± =— JcM +—j CM , 
c c 

(7.17) 

-grad =— j CM , 
c 

(7.18) 

me 


1 0 E ( e, \ 

471 dt Ut iR 3 ) 


Bbozpi BeKTopHBiH noTeHUHaji A aHanorHHHO (7.10), (7.11) 


rot A = Hi, 

(7.19) 

div A = H\\, 

(7.20) 


CHCTeMa ypaBHeHHH (7.1 6)— (7.1 8) TaioKe nerKO npiiBOTtHTCJi k ypaBHeffliio Ilyac- 
coHa 


A * 471 ' 

AA =-j n . 

c 


(7.21) 


PemeHHfl jx jih BeKTOpHoro noTemjHajia A h MarHHTHbix noneM u H\\ 
o^HHOHHoro ^BH^cymeroca co CKOpocTb v 3apa^a e npH 3tom npHHHMaiOT bh# 


A = l|iL dv’ 


r - r 


H ± = rot A = 


cR\t) 


e\ 

cR(t ) 


[vxR(0], 


(7.22) 

(7.23) 
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H I, =-divA = — % —(v-R), 
" cR\t ) 


(7.24) 


r/ic A V - o6i>eM, orpann'icniibiH c(|)cpoii pa/piyca R. Ha KOTopon OTBicKiinacTcsi 
3HaneHHe BeKTopHoro noTeHiinajia A. Pememui (7.22)-(7.24) nonHOCTBio 3kbh- 
BaneHTHBi pemeHHJiM (7.13)—(7.15). B CKanupHOM BBipa>KeHHH MarHHTHBie norm 
Hl (7.14), (7.23) h H (7.15), (7.24) HMeiOT bhjj 


3. 


1 ev . 

H ± =--sin tp , 

c R- 

(7.25) 

1 ev 

H I, =--coscp. 

" C R 2 

(7.26) 

J\jm onucaiiHH MarHHTHBix noneii Hi h // a b h>k y m c r 0 c a aapana e Heno- 

Cpe^CTBeHHO l ICpC3 TOKH CMCIHCIIH5I j CM BBinilHieM CHCTCMy ypaBHeHHH 

(7.16)—(7.18) b BHfle (cm. raaBy 5 camion KHiira) 

div H ± = 0, 

(7.27) 

__ 471 . 471 . 471 , n 

rotHj_ — j cm|| ^ Jcm_l J cm ’ 

c c c 

(7.28) 

471 471 

- grad7/|| =—j CM |, +—j CM± . 
c c 

(7.29) 


J\jw naxo>K,acnna MarHHTHBix noacii M h II 
onpeaenHM HHTerpajiBi ot npaBBix h neBbix nacTeii 
ypaBHeHHH (7.28), (7.29) cooTBeTCTBeHHo no Top- 
HCBoii So h 6okoboh .S',s noBepxHOCTH UHJiHHflpune- 
CKoro o6beMa pa^nyca r 0 h bbicotbi d 0 (puc. 42), 
npHHMB BO BHHMaHHe, HTO o6paTHbie TOKH CMeme- 
hhji j CM b 06b cmc Vo paccMaTpiiBaeMoro iu-min/ipa 
paBHbi Hynio, T.e. 



Phc. 42 


JrotH ± ^S = ^Jj CMi! </S 

^0 ^0 

(7.30) 

| grad H\\ dS = ^ J j CM± dS . 

S s S s 

(7.31) 
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Ilociie Hecno>KHBix npeo6pa30BaHiiii BBipa>xeHii5i (7.30), (7.31) npiiBOfljn'Cfl 

X BHZiy 


? T’ 

u A1 cm|| 

H X - ’ 

>0 

(7.32) 

„ 2/' m1 

H \\- d • 

“0 

(7.33) 

IlpHHHMan bo BHUMamie, hto aim toxob CMemeHiin / CM || 

H r cM ± MO)XHO 3a- 

nncaTB [1-4] 


T , ev . 3 

/cM|1 = 2T sm (p ’ 

(7.34) 

T , ev 3 

=^r cos <p» 

2 do 

(7.35) 

aim MamiiTHBix noneii (7.32) h (7.33) oxoHHaTenBHO yciaHaBnnBaeM 

1 ev . 

H l =-ysincp, 

c R- 

(7.36) 

1 ev 

H I, = -^costp. 

" C R 2 

(7.37) 


TaKHM o6pa30M, paccMaipuBaa coBMecrao pe3ynBTaTBi (7.14), (7.15), 
(7.23)-(7.26), (7.36), (7.37) peinemiii aim MamiiTHBix noneii H ± , H\ flBii>xyme- 

TOCfl i'dpnjl'd e TpeMJI pa3nHHHBIMH MCTO/UIMI!, MBI npHXO.THM K BBIBO.iy, HTO XpO- 
Me nepeMeHHoro bo BpeMeHH anexipiinecxoro nonn E(/) b npocipaHCTBe oxono 
.TBHVKyincrocH lapa/ia e winyniipyiOTCH eme /iBa Tima viariiHTiiBix noneii: pa/ui- 
anBHoe (BeioopHoe) MarmiTHoe none H n axciianBHoe (cxannpiioe) MamiiTHoe 
none H\\. KpoMe Toro, b npocTpaHCTBe oKono nBiivKyincroca sapana e unnyunpy- 
eTcn eme He paBHBiii Hynio CKannpHBin noTeminan (p (4), hto >xe xacaeTcn Bex- 
TopHoro noTeHnnana A (7.13), (7.22), to cymecTBOBamie ero b npocipaHCTBe 
OKono flBH>Kymeroc5i 3apima ycTaHaBHHBaeTCJi TonBKO H3 flByx nepBBix, cjiop- 
ManBHBix no cBoeMy cymecTBy, mcto/iob onpcncneniiH MamiiTHBix noneii. On- 
peaenemie >xe MamiiTHBix noneii H ± (7.36) h H (7.37) HenocpezicTBeHHo nepe3 
aKcnanBHyio j CM || h pa/tnanBHyio j CMj _ cocTaBnaiomne Bexrapa nnoTHOCTii Toxa 
CMcmcniia j CM He npiiBomiT x ycTaHOBneHino cymecTBOBamni b npocipaHCTBe 
oxono nBii'/xymcrocyi lapspia e BexTopHoro noieHnnana A, hto movxct cbiihc- 
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TentcTBOBaTt o BcnoMoraTenbHoii ponn stoto napaMeTpa b onucaimn \ianiHT- 
hbix nonefi t b h >k y m e r o c h aapa^a. OnnaKO cnc,TycT npniiiaTb, Tax KaK (|)opMa- 
jih3m BeKTopHoro noTcnnnana A npuBo.THT k (xtiihm h TeM *e koiic'iiibim pe- 
3ynBTaTaM (7.25), (7.26), hto h (7.36), (7.37), to npiiMemiMOCTB yKa3aHHoro 
(J)opManH3Ma cne/iyeT CHHTaTt BnonHe .nonycTHMofi. 

ricpcnHincM Bee onpcTcncimi.ie bbiiiic noTeHunanti n nonn, KOToptie hiitv- 
iinpyioTca b npocTpaHCTBe okojio t b hvky m c ro ch c nocTOHHHofi CKopocTBio v 
iapapa e b bh.tc 

<p(0 = e/R(t), (7.38) 

E(0 = — j- —R(0 > (7.39) 

R\t) 

A(0~, (7-40) 

cR(t) 


Hj_(0 = — 3 —[ v x R(0], 

cR 3 (t) 


H||(0 =-7-(v-R). 


cR (t) 


(7.41) 

(7.42) 


n P H paCCMOTpeHHH npHBCPCIIIlOH CHCTCMBI eCTeCTBeHHO B03HHKaeT BO- 
npoc, onpeflennioT jih TaHHBie nona (7.38)-(7.42) Bee B03M0>KHbie ranti nonefi 
TBH/Kymerocn c nocToannofi CKopocTBio v 3apnra e hjih hmciotct eme KaKne-TO 
nepaccMOTpeniiBic noun. H 3 (7.41), (7.42), b nacmocTn, cncpycT. hto MaraiiT- 
Htie noun II , //, b npocTpaHCTBe okoho /mnacymerocn sapnna e i-nvienaioTcn 
KaK no BennHHHe, TaK n no nanpaBTCimio. O.TiiaKO H3 3aKOHOB 3nc kT po m a rn h t - 
Hofi hhtvkhhh H3BecTHo, hto c H3MeHeHiieM vianiHTiiBix nonefi Bccpra cBjnano 
nonBneiiHC BuxpcBBix aneKTpHHecKnx nonefi E (BOHHHCTan nepTa y BeKTopa E 
BBoziHTcn .ana hctkoto oTTcncnna ero ot BeKTopa KynoHOBCKoro sneKTpnHecKo- 
ro nonn E). H, b nacTHOM cnynae, npn n3MeHeHHH pa/tnantHoro MaraiiTHoro 

nona II mmyiomn BuxpcBBix nonefi E onpcTcnneTcn 3aKOHOM Oaparen b bh.tc 
3aBHCHMOCTH 


P 1 go 

c dt 


(7.43) 


KOTopan MonceT obitb nepenncaHa eme b bh.tc 
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E=£ec/1 = --— [h ^S, (7.44) 

J c dt J 

L S 

r/ic E - 3/(C, I'ln.ByiU'ipycMaH BuxpeBBiM ohcktphhcckhm noneM E b KOHType L. 
YpaBHeHne (7.44) mwkgt 6bitb 3amicaHo eme b Bmie H3BecTHoro ziH(J)(J)epeHUH- 
ajitHoro ypaBHeHna MaKCBenna 

rotE = --^ 1 i.. (7.45) 

c dt 

To, hto b npocTpaHCTBe okoho .TBii'/Kyincroca c nocTOHHHOH CKopocTBio v 

3apjma e MoryT HH^ymipoBaTBCfl eme BiixpeBBie 3JieKTpnHecKne nona E (7.44), 

(7.45) , mtokho npuBecTH h, Ka3anocB obi, 6 onee yoc/imTjiBiiBic /iobo/ibi. Hanpn- 
Mep, ecnH npezmonomiTB, hto b npocTpaHCTBe okoho xiBHiacymerocfl 3aprma e 
noMemeH noKOHimiHCJi 3aMKHyTBin KOHTyp L TaK, hto6bi BeKTop MarHHTHoro 
noun Hi 6 bib ncpneii.THKynnpcn ixjiockocth KOHTypa L, to, BnoJiHe ohcbhhiio, 
paccMaTpHBaeMBiH KOHTyp L oy/icT npoHH3BiBaTBC5i nepeMeHHBiM bo BpeMemi 
MaTHHTHBIM nOTOKOM Of/) 

0(0 = Jh ± JS^O (7.46) 

s 

h b KOHType L, corjiacHO (7.43), 6yneT HHjiyHHpoBaTBCfl He paBHan Hynio 3/(C 
E. HHflyKHiM >Ke 3/JC E b KOHType L B03M0)KHa tohbko b tom cnynae, ecJiH 
BjjojiB cTopoH KOHTypa L HnnyimpyioTcn He paBHBie Hymo BuxpeBBie sneKTpn- 

necKHe nojia E. TaKHM o6pa30M, KasanocB 6 bi, mohcho y*e VTBcpvK.TaTB, hto b 
npocTpaHCTBe okoho paBHOMepHO h npHMOHHHeHHo .TBHVKyiricrocn iapn/ia e, 
KpoMe noneii (7.38)-(7.42), HHayimpyioTCfl eme He paBHBie Hynio BuxpeBBie 
3HeKTpnHecKHe noHH E. OzjHaKo BuxpeBoe sneRTpunecKoe none E (7.44), 

(7.45) onpcncncno h3mh tohbko ncpci H3MeHeHne onnoro pa/inanBiioro (BeK- 
TopHoro) MarHHTHoro noira H (7.41). VfoK/iy TeM KaK b npocTpaHCTBe okoho 
.TBHVK ymerocn iapn/ia e unnynupycTCH eme h nepeMeHHoe bo BpeMeHii aKcnanB- 
Hoe (cKannpHoe) MarHHTHoe none II (7.42). Cootbctctbchho, hto6bi h3hth 3 a- 
BHCHMOCTB H JSJIfl BHXpeBOTO OHCKTpHHCCKOrO nOHH E OT nepeMeHHOTO BO Bpe- 
MeHH aKCHaHBHoro MarHHTHoro nona, onpe^eHHM npexmapHTenBHO BeKTop bhx- 
peBoro SHeKTpHHecKoro nonn E H3 ypaBHefflM (7.45), HcnoHB3ya ycnoBue (7.10) 

H_l = rot A. (7.47) 


IloziCTaHOBKa (7.47) b (7.45) a aeT 
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rotE = - —— rot A 

c dt 

huh, H3M0Hnn nopaxtoic /(H(J)(J)epeHUHpoBaHHa, 


r, , 1 8A 

rot E = rot- 

c dt 


(7.48) 


(7.49) 


H 3 (7.49) HenocpeztCTBeHHO HMeeM 

E = -i^. 

c dt 


(7.50) 


Ecnn nee Tcncpb ot npanoii h neBoir nacTcii (7.50) onpeztenHTb onepaiiwo 
div, T.e. 

divE = div|^--^J, (7.51) 


h npoaenaTB oopambie npcoopaaoBanna. ymiTBiBan ycnoBire (7.11), hto 


H \| = - div A, 

TO 6y/ICM HMOTB 

~ l dH, 

div E =- 

c dt 


(7.52) 


(7.53) 


Cne^oBaTenBHo, onpe^eneHHoe Btirne /tHtJujjepeHHHanbHoe ypaBHeHne 
(7.45) a jul BHxpeBoro aneRTpirnecKoro nona E nepe3 ojiho pajinantHoe MaraHT- 
Hoe none H ± (f) He aBJiaeTca nonHBiM, Tax KaK naimoe BirxpeBoe aneKipmecKoe 

none E b paBHoii Mepe HiinynupycTca eme iviMenaioiruiMca bo npcMcnn axcir- 
antHbiM MarHHTHMM noneM H^t), h nonHaa cncTeMa 7iH(J)(J)epeHHHani>Hbix ypaB- 

HeHHH Tina BHxpeBoro 'jncKTpH'iccKoro non a E ponvKiia HMeTb nnn 


~ 1 5H | 

rot E =-— . 

c dt 

(7.54) 

~ 1 dH 

divE =- 

c dt 

(7.55) 


CncTeMe xtiic|}c|)epeHirHanbHbix ypaBHeHirii (7.54), (7.55) mo>kho npoTHBO- 
nocTaBHTB cncTeMy HHTerpanbHbix ypaBHeHirii 
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E=i)Edl=- —— l*H ± c?S, (7.56) 

J c dt J 

L S 

E' = |EJS = --^jH !i t/F. (7.57) 

S V 

H3 (jjyHKUHOHantHOH 3aBHCHMOCTH (7.50) RJIa BHXpeBOrO 3JieKTpHHeCKOrO 
noira E c.BcpycT. hto oho onpeTCJiHCTCH H3MeHeHiieM bo BpeMemi BeKTopHoro 
noTcnmiajia A(t). To, hto BCKTopiiBiii noTeHiinaji A TBiiAymcrocfl c nocTOJiHHOH 
CKopocTBio v iapapa e HiMcnacToi bo BpeMeHH, ctct>'ct h H3 onpcTCJieiim.ix 
Btime 3aBHCHMOCTOH (7.13), (7.22). OzjHaKO, Tax KaK boktophbih noTeHunan A 
(7.13), (7.22) nBJiaeTcn b /jaHHOM cnynae cjiyHKHiieH KoopTimaT h BpeMemi 
A(r, t), to b BBipa>KcnH h (7.50) no. tat ia obitb paccMOTpeHa nojiHas nponiBOTnaa 
no BpeMemi, a He nacTHan, T.e. 

E = --^ = --^--(v-grad)A = £„+£!. (7.58) 

c dt c dt c 

nonaran nacTHyio npoH3BOTHyio no BpeMeHH dA/dt tjm paccMaTpHBaeMoro 
cnynaa paBHoil Hymo (v = const), oj m (7.58) 6yneM HMeTB 

Ej = ——(v-grad)A . (7.59) 

c 

OnpCTCTHM KOHKpeTHBIH BH.T BI.ipaACIIHH ,TTH BHXpeBOTO 3JieKTpilHeCKOrO 
noun Ej (7.59) TSHAymerocn co CKopocTtio v = const 3apjma e. J\jul onpeneiie- 

hhh BeKTopa (v • grad)A BBiocpcvi niiTHn.TpiTiecKyio cucTeMy KoopTunaT c ocbio 
x, HanpaBJieHHOH no nanpaBTCimio tbhaciiht iapapa e, b koto poll moaiio 3ami- 
caTB 


5A dA dA 

(v • grad)A = v r — + v — + v x — , 
or dcp ox 

Tax KaK v r = 0, V(p = 0, v x = v, to j\jik (7.60) HMeeM 

d 

(V -grad) A = v — (A,r 0 + A p cp 0 + A j i 0 ) 


(7.60) 


(7.61) 


IIpHHHMaii bo BHHMaHne (7.13), (7.22), nira KOMnoHeHT BeKTopHoro noTeH- 
unajia A 3amimeM 


A r = 0 , 


( 7 . 62 ) 
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A ,p = 0, 

A x = ev/(cR). 

C yneTOM (7.64) an in (7.60) ycTaHaBJiHBaeM 


, ev2 s r n 

(v • grad)A = v —— x 0 =-— — x 0 . 

ox c ox \RJ 


(7.63) 

(7.64) 


(7.65) 


noHO>KHB R = 



+ r 


, /pin (7.65) nonyHHM 


(v • grad)A = - 


ev 


c (Vx 2 +r 2 ) 3 


(7.66) 


IloacTaBJiM (7.66) b (7.59) h npoii3Boan npeo6pa30BaHHe, oy/icM hmctb 


~ ev'cos <p ^ 

^1 _ i i x 0 ’ 

c R 


(7.67) 


r/ic 9 - yron MOK/iy pa,iny co m-bc kto po m R n nanpaBJieimcvi nBHVKeimn 3 a- 
pn/ia e. 

TaKHM o6pa30M, KaK cnc/iycT m npone/ieirnux bbiiiic HCCJic/iOBaimn. b 
npocTpaHCTBe okojio 3 b h>K ym c roc n c riocTosnmoii CKopocTBio v iaprrBa e. KpoMe 
nepeHucneHHBix Btnne nonen (7.38)-(7.42), .hojdkho HHZtyunpoBaTBCJi eme bhx- 
peBoe 3 ji cKTp hh cc koc none E, (7.67). H 3 (7.67) bh.biio. hto .Bannoc BiixpeBoe 

B-BCKTpH'lCCKOC n03C E, 3CHCTBHTC3BII0 II p C3CT3BJIHCTCH KaK CaNTOCTO3 TC3BHOC 

none .TBiivKyincrocH sapana e, TaK KaK oho cymecTBeHHo otjihhho ot KyaonoB- 
CKoro ojieKTpunecKoro noun E (7.39) 3BHVKyinerocn sapnna e. B nacTHOcra, ecnn 
KynoHOBCKoe ojieKTpnnecKoe none E (7.39) 3Bi«Kymerocn co ckopoctbio v (v « 
c ) 3apnpa e nBJineTcn rioaeM ct])cpmiccKH cn m m eTpn l in b i m. to BnxpeBoe 3JieK- 

TpnnecKoe none Ej (7.67) stoto 5Ke ^Bniacymerocn 3apn.ua e npe^CTaBJiaeTcn, 
npc>K,Tc Bcero, KaK nnnininpu'iccKH cHMMCTpmnioc sjieKTpnnecKoe none, npn- 
neM MaKCHMyM stoto noun E lmax noKann3yeTcn, b ochobhom, no HanpaBnemno 
3Bn>KeHHn iapn/ia e n npoTHB, T.e. 
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HanpjDKeHHOCTt >Ke BiixpeBoro sjieKTpnnecKoro noira Ej (7.67) b 
nepneH^HKyjiapHOM k .tbhvkciihio iapa.Ba e HanpaBJieHHH Boo6me paBHa nymo 

E lmin -0. (7.69) 

Cne/iyeT o6paTHTt BHHMaHne eme Ha tot (J)3kt, hto none E[ (7.67) jibjm- 

ctch noneM 3HaKonepeMeHHi>iM. Jinn Bcero nonynpocTpaHCTBa, b Korapoe oneic- 
TpmecKHH japan e b pacc m aTpn b ae mmh momcht BpeMeHH BncTacT, BeKTop bhx- 

peBoro ojieKTpuHecKoro noun Ej HanpaBneH no HanpaBnemiio jiBH^KeHim 3apn- 
Aa e . flencTByn Ha npyn-ic onnoi-iMcniiBic iapa/iBi q, b stom nonynpocTpaHCTBe, 
3 to 3JieKTpnnecKoe none E, (7.68) dpe mutch cmccthtb hx b crapoHy .tbhvkc- 
him iapapa e c chjioh 

F t =E (7.70) 


Ilpn 3 tom caM .tbh'/Kviuhhch japan e ncntiTtiBaeT cnjiy peaxunn 

F T _ Fj = -Ej^j., (7.71) 

KOTOpaa CTpeMHTca 3aT0pM03HTb ^,BH)KeHHe 3ap^ma e. C ^pyroM ctopohbi, jinn 
Bcero nonynpocTpaHCTBa, H3 KOTOporo ojieicrpHHecKHH 3ap njx e b paccMaTpH- 
BaeMbiH MOMeHT BpeMeHH BbiJieTaeT, BeKTop BHxpeBoro 3JieKTpHHecKoro nojra 
E 1 HanpaBneH npoTHB HanpaBJieHHH £BH)KeHH5i 3apa^a e . /],eHCTByfl Ha ^pyrne 
o^HOHMeHHBie 3JieKTpHHecKHe 3apa^bi qj b 3tom nonynpocTpaHCTBe, 3 to >Ke 
3JieKTpHHecKoe none CTpeMHTcn cmccthtb hx b CTOpOHy, o6paTHyio ^BH^eHHio 
3apn^a, c chjioh 

F 2 = Ej< 7 y -. (7.72) 


Ilpn 3 tom caM ,tbh'/K\thhhch japan e HcnBiTBiBacT cnny peaKnnn 

F y = “F 2 = -Ej #j , (7.73) 

KOTOpan CTpeMHTcn ycxopHTB ^BH)KymHHcn 3ap kj\ e. Ecjih b peajiBHOM cnynae 
npe^nononcHTB, hto 3ap*maMH q t h qj nBJHHOTcn nojnipH3aijHOHHBie 3apn£Bi Ba- 
KyyMHOH cpe/jBi, ORpy^aiomen ^BHncymHHcn 3apjm e , to H3 o^hopo^hocth h 
H30Tp0nH0CTH CBOHCTB BaKyyMHOH Cpe^BI HenOCpe^CTBCHHO yCTaHaBJIHBaeM 
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F T = -F y , (7.74) 

T.e. ciina pcaKiiHH F T (7.71) BaicyyMHOH cpc/ibi, CTpeMsmascsi 3aTop\K)3HTb /jbh- 
5KymnHCH 3ap fin e, nonHOCTtio KOMneHcnpyeTCJi chjioh peaKunn F y (7.73), CTpe- 
Mjnnencji ycKopiiTt ero. Taic KaK chjibi F t (7.71) h F y (7.73) paBHti no bojihhhho 
h npoTHBonono)KHi>i no HanpaBJieHHio, to ohh He npenjiTCTByioT paBHOMepHOMy 
H npMMOJIHHeHHOMy .TBH'/KCIIHIO iaps/ia e. 

/3,jih npoBepKH BiixpeBbix cbohctb nona Ej (7.67) npiiMemiM onepannn 
ZIH(J)(J)epeHnHpoBaHiM k npaBon n neBon nacTH ototo ypaBHemM b Biiae 


rotE, =rot 


f 2 A 

ev cos cp _ 

0 0 X 0 

y c R j 


(7.75) 


HJIH, TO >Ke CaMOe B nHjTHn.TpHHCCKHX KOOp.THIiaTaX, 


rotEj = 


dE 


dr 


lx m _ ev- 

<Po - y 


d_ 

dr 



(7.76) 


npiiHUMaa bo BHHMaHne R = 4x 2 + /■’ , ajix (76) nonymiM 


rotEi = 


^3ev 2 cos (p sin 

7r 2 


«Po> 


(7.77) 


OTKyjia cne/iyeT, hto 


rotEj ^ 0 . 


(7.78) 


OnnaKO aHajiornHHon npoBepKon mo>kho yoc.THTbcs. hto h 

~ ev 2 2 

divE, =—-—-(3cos (p-l)^O. 


c 2 R 2 


(7.79) 


C yneTOM (7.59), 3 anncJiM (7.77), (7.79) cooTBeTCTByioT ypaBHemni 

rotEj = - — (v • grad)rot A , 


(7.80) 
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divEj = — (v • grad)div A, 

c 

(7.81) 

TO eCTb 

rotEj = - — (v • grad)H ± , 
c 

(7.82) 

divEj = —(v-grad)Hii, 
c 

(7.83) 

HJIH B HHTerpaJIbHOH (})OpMe 


|E 1 rfl = -iJ(vgrad)H_ L rfS^o, 

(7.82) 

L S 

|Ej dS = — J(v • grad)Hj, dV * 0 . 

(7.85) 


5 V 

Hcxo Rfi H3 noJiyHGHHBix pe3yni>TaTOB (7.84), (7.85), mohcho, Ka3anocb 6 h, 
y>Ke OKOHHaTeJIbHO VTBep'/K/iaTB, HTO BOBMO'/KIIOCTB CVIIICCTBOBH Ill'll B npOCTpaH- 
CTBe okoho n b h>K y m c roc h c nocTosnmoil cKopocTBio v Bapa/ia e BuxpeBoro 3JieK- 
Tpn'iccKoro nona Ej (7.67), c m a tc \t a t h i i c c k o il tohkh 3peHHH, BnonHe o6ocho- 
BaHa, o.TiraKO, TeM He MeHee, c (|)hwicckoh tohkh jpeiinsi. npuBcneimoe bbiiiic 
o6ocHOBaHne He aBnaeica eme /locTaTOHiio yocni-iTcnBiiBiM, h nonbiTKH (|)H3H'ie- 
ckoh HHTepnpeTauHH BuxpeBoro sneKTpHHecKoro nona Ej (7.67) HaTajiKHBaioT- 
ca Ha npHHHHnnajibHbie Tpy.TiiocTH. OcraeTCa noxa yionycTHTB, hto HiinyKHHH 
BuxpeBoro 3JieKTpHHecKoro nona E t (7.67) b npocTpaHCTBe okoho flBHacymero- 

C a C nOCTOJIHHOH CKOpOCTBIO V 3apfl/ia e , C (|)Op\(a.riBnO-MaTCMaTH l ICCKOH TOHKH 
3peHHH, BnOJIHe B03M0)KHa. 

2. BiixpcBbic 3JieKTpHHecKne nojiH 
ycKopeHHO flBHacymerocH oflHHOHHoro 3apmia 

KaK 6bijio paccMOTpeHo bbiiiic (7.58), npn ycKopeHHOM .tbi-T/Kcuhh japan a e 
b npocTpaHCTBe okoho Hero, KpoMe sneKTpHHecKoro KynoHOBCKoro nona E 
(7.39), xmyx TiraoB MarmiTHbix nonen H ± , H j (7.41), (7.42) h BuxpeBoro oneK- 
TpunecKoro nona Ej (7.67), nonacHO HHnyimpoBaTbca eme He paBHoe Hynio 
BuxpeBoe 3HeKTpnHecKoe none E 0 , onpenenaeMoe coraacHo cjjyHKimoHanbHOH 


3aBHCHMOCTH 
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~ P r)\ 

E o =—• ( 7 - 7 - 86 ) 

c~R dt 

3HaK Mimyc b (7.86) 0 Tpa>KaeT tot cjjaKT, hto BiixpeBoe oneRTpunecKoe none E 0 
bo Bcex TOHKax npocTpaHCTBa BHe o6i>eMa 8V .TBHVKyinerocn ycKopeHHo iapn.Ta e 
Bcer^a HanpaBJieHO npoTHBonononcHO HanpaBJieffliio BeKTopa ycKopemin 

a = dv/dt (npn npnMonHHeHHOM flBiinceHHH), n npn neficTBHH ototo noun E 0 Ha 
ycKopneMBin 3apn;i e nocnezjHHH ncntiTtiBaeT cnny conpoTHBJieHHJi F c = E 0 e 
CBoeMy nriH'/Kcimio. Cnny F c Hiiopra HMeHyioT chjioh c a mo h ii.tv kijhohh o ro B03- 
TiencTBun co6cTBeHHoro BiixpeBoro ojieKTpHHecicoro noun E 0 (7.86) Ha ycKO- 
pneMBin iapn.T e, Korapyio mo>kho BBipa3HTB b bh/ic 

~ p Pj\ 

F c = E 0 e = 2^7 Y7 • ( 7 - 87 ) 

c 2 R dt 

Mbtciihc ca m o h n,iy k n h onnoro BOi/iciicTBi-in ycKopneMtix iapn.TOB Ha caMHX 
ce6n b ane kT po ,t n na mhkc xopouio H3BecTHo [1—5], nooToviy HMeeT cmbicjt npo- 
Becra KOJinnecTBeHHyio oueHKy noneii E 0 (7.86) h hx B03,neHCTBHn (7.87) KaK 
Ha ycKopneMBiii iapn.T e. Tax h Ha npyrne aapn/iBi. HanpuMep, onpcnenHM pa6o- 
Ty A npoTHB chji BiixpeBoro ojieKTpHnecKoro noun E 0 (7.86), KOTopyio coBep- 

rnaeT iapn.T e npn ero ycKopeHini ot cocranHun noxon no CKopocTH v [4]. Oc- 
HOBBiBanct Ha .Tonymeni-iH ajiepH'iccKOH cTpyKTypti iapn.Ta e h npuHHMan pa- 

Zinyc iapn.Ta paBiiBivi r 0 , Tim BiixpeBoro t jtc kt p h l i c c ko ro noun E 0 Ha noBepx- 
hocth iapn.Ta e ycTaHaBJiHBaeM 

(7.88) 

c~r 0 At 

r/ie Av = v - npupameHiie ckopocth 3 a npoMencyTOK BpeMeHH At. Cootbctct- 
BeHHO, ,T.Tn paooTBi A mo)kho, ohcbh.tiio, 3anHcaTi> 

A = F C A1 = E 0 eAl = —(7.89) 
c~r 0 At 

ripe.Tno-Taran .tbhvkciihc iapn.Ta e paBiioycKopeniiBiM, /urn nyra ycKopeimn 
A/ Oy.TCM HMeTB 

Al = vAt/2. (7.90) 

C yneTOM (7.90) BtipanceHiie /yin paooTBi A movkiio nepenucaTt b bh.tc 
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A = - 


, 2 2 
lev 


2 C 2 r n 
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(7.91) 


/J, Jia KonHHecTBeHHOH ohciikh (7.91) npe^nonomiM, hto ycKopncMBivi 3apn- 
,HOM e nBJineTcn iapn/i sjieKTpoHa, ,HJia KOToporo hbbcctiibi miiothc c])hwicckhc 
xapaKTepiicTHKH. B 'iacTiiocTH. ncnojii>3ya cnpaBC/nuBoc ;pin SBCKTpona coot- 
HomeHne 

nigC 2 = e 2 lr 0 , (7.92) 

nepenraneM (7.91) b BHZie 

A=m 0 v 2 !2 = W K . (7.93) 


H 3 (7.93) cnc/iycT, hto pa6oTa A npoTHB chji co6cTBeHHoro BuxpcBoro no- 
m E 0 npn ycKopemm iapn/ia e ,to ckopocth v to'/K,tcctbciiiio paBHa toh khhc- 
THHecKOH sncpruH W K ycKopneMoro iapn/ia e, KOTopyio oh npHo6pen npn /iair- 
hom ycKopemiii. H hcm 6oni>me 3Ta pa6oTa A (7.91) Ha Heii3MeHHOM nyra A/ h 
Aim HeH3MCHHoro no BenHHHHe iapn/ia e, TeM 6om>me h caMa ciina conpoTHBJie- 
min F c (7.87), h caMo BHxpeBoe sjieKTpiiHecKoe none E 0 (7.86). Ho b tbrom 
cuynae BenHHHHa BHxpeBoro sjieKTpHHecicoro noun E 0 npocTO nponopuno- 

HaJIBHa CKOpOCTH H3MeHeHHn 3TOH paOOTBI A, T.e., npHHHMan BO BHHM3HHe 

(7.88), (7.89), 


eAI evy At J 


(7.94) 


huh ckopocth i-nvfencimn KHHeTHHecKOH 3HeprHH W K (7.93) tibi-T/Kv mcrocn 3apn- 

m 


E 0 =- 


2 

ev 


AW, 

v A t j 


(7.95) 


A Tax KaK KHiieTHHccKan sHeprun W K HBHVKymcrocn co CKopocTBio v iapnna 
e sneKTpoHa nonHocTtio o6ycnoBneHa sHeprneH Wh oziHOBpeMeHHo ziByx TunoB 
MarHHTHBix noneii H ± h 7/ [4, 10] 

w *=W H ~\(Hl +H$)dV, 

V 


(7.96) 
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to Rim BenHHHHti BuxpeBoro sjieKTpHHecicoro nona E 0 OKOHnaTentHO ycTaHaB- 
JIHBaOM 


= ~ ~ f(H^ + Hjj )dV . (7.97) 

4nev ot J 

v 

Huh, no/i'icpKHBafl BCKTopiibiii xapaKTep nona E 0 , mo>kho aani-icaTb 

E 0 =—^-l-fcHi+H \)dV . (7.98) 

4jiev" ot J 
v 

ConOCTaBJIJM (JjyHKIJHOHajIBHyK) 3aBHCHMOCTB (7.98) C H3BeCTHOH 3aBHCH- 
MOCTBIO MCVR'Py BHXpOBBIM 3-3C KT pH l I CCKHM nOJieM E () H H3 MCIIHIOIHHMCH BO 

BpeMOHii MarHHTHBiM noneM Hi b BH.TC (7.45), (7.54), HHTepnperapyeMOH Kax 
HHziyKUHa BuxpeBoro 3JieKTpnHecKoro noiM H3MeHeHneM HeKoero (JtopMantHoro 
no CBoeMy cymecTBy MamuTHoro noToxa O (7.43), (7.44), (7.56) 



o6Hapy>KHBaeM cymecTBeHHoe otjthhhc \fc>K,3y hhmh. /JeHCTBHTentHaji npupoaa 
BHXpeBOTO 3-3CKTpH‘ICCKOTO nOIM E 0 3/],C HIl.TyKHHH H CaMOHIl.TVKHHH OTpa>Ka- 
eT C060H B3aHMOCB33B 3TOTO 130.33 C H3MeHefflieM B paccMaTpiiBaeMOM npo- 
CTpaHCTBe sncpruH o.TiiOBpcMcnno ,3Byx TiraoB vianiHTiiBix nonefi Hi h II /ibh- 
>Kyincroc3 iapaaa e, a He H3MeHeHiieM HeKoero (])op\ia-3Biioro MarHHTHoro noTO- 
Ka <I> 'icpci 33MKHyTBIH KOHTyp, ,3a CIUC TO-3BKO 0,3110TO THna MaTHUTHOTO nOIM 
Hi. npnHunnnajiBHaa orpaim'icimocTB oairoro ,3 h (|k|) c p c n u h a.3 b i roro ypaBiicnna 
MaKCBenna (7.45), (7.54) h HHTerpajitHoro ypaBHemui (7.44), (7.56) .him OTpa- 

VKCIIH3 3aK0Ha HII,3yKHHH H CaMOHII,3VKIIHH BHXpeBBIX 3-3CKTpHHCCKHX TOUCH Eg 

flBH)KymHMHCa yCKOpeHHO 3ap3,3a\IH nCnOCpC,3CTBCimO C-3C,3yCT H3 HeB03M0)K- 
HOCTH npHMeHHMOCTH ,3ailIIBIX ypaBHeHHH 0,3n0BpCMCim0 ,3-3 H ,3fiyx THnOB Mar- 

hhthbix nonen Hi h H\\ (7.41), (7.42). OrpaHHHeHHOCTt h (JiopMajiBHaa cym- 
hoctb ypaBHeHHH (7.45), (7.54) h (7.44), (7.56) cne^yeT h H3 o6mero paccMOT- 
peHHJi aBJieHHM HHjiyKUHH b KOHKpeTHtix 3JieKTpHHecKHx uensix [4]. 

npoBe,neM HccjiejioBaHHe cjDyHKUHOHajiBHtix 3aBHCHM0CTeH (7.86) h (7.98). 
npe>K^e Bcero, H3 (7.86) h (7.88) bhjiho, hto (jjyHKmm jpui BuxpeBoro 3JieKTpn- 
necKoro noiM E 0 ot flBH>Kymeroca ycKopeHHO 3apazia e (npn v « c) cc^epune- 

CKH CHMMCTpH'ina OTHOCHTeUBHO yCKOpflCMOfO 3apfl.3a. 3 t 0 COOTBeTCTByeT TO- 
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My, hto earn ycxopaeMBiH iapa/i e oxpyacHTB cfjjcpoM pa/inyca R. to Ha Bcex 
TOHKax c<J)epBi BennHHHa Bexrapa BuxpeBoro ajiexTpHHecxoro nona E 0 6yneT 

HMeTB HeH3MeHHOe 3IiaHCIIHC. O.TirOBpCMCIlIIO HCH3MCHHBIM Oy/ICT OCTaBaTBCH H 

HanpaBneHne Bexrapa BuxpeBoro anexipunecxoro nona 

~ p r)y 

E 0 =- ——• (7.100) 

c 2 R dt 

H 3 (7.98) cne/iyeT, hto npn onpeaeneHira bcjihhhhbi BuxpeBoro anexTpuHe- 
cxoro nona E 0 Ha noBepxHOCTH ajicpbi pannyca R, iicooxo.thmo yiccTB H3Me- 

HeHHe cyMMapHOH ancpn-i h Mann-miBix noncii H h // tojibxo b npocTpaHCTBe 
BHe o6i>eMa AV cc|)epBi pazinyca R 


E ft = - 


1 


4nev dt 


00 

|(Hi+H \)dV. 


(7.101) 


AV 


npHHHMaa bo BHHMaHHe Bbipa^ceHHa jinn MarHHTHbix nonefi Hi h H\\ 

1 ev . 

H ± =-^sintp, 

c r 1 


(7.102) 


1 ev 

H I, =--coscp 

c r ~ 


(7.103) 


h nojiaraa dV= 27irsin (p dtp dr , a jih 3HaHemra (7.101) ycTaHaBJiHBaeM 


E 0 - 


e d 


2c 2 dt 


CO K 

'll 

V R 0 


sin 3 (p dip dr 


e d 


2c 2 dt 


co n 

•\\ 

V R 0 


cos cp sin cp c/tp c/r 


. (7.104) 


Tax xax mbi paccMaTpiiBaeM npupamefflie cxopocra ot Hyna ,to v 3a npo- 
MCVXyTOK BpeMeHH At, TO MOVXnO nOHO)XHTB Av = V, HTO Oy.TCT COOTBCTCTBOBaTB 


E 0 - — 


eAv 


1 ( eAv 
+ - 


3Rc 2 RAt) 3\c 2 RAt 
eAv 


(7.105) 


E 0 - E' 0 + Eg - 2 


c^RAt 


r,ne 


(7.106) 
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E' n = -E 
3 

Ea = — E 
3 



eAv 'j 
c 2 RAt)' 
eAv 'j 
c 2 RAt) ' 


(7.107) 

(7.108) 


nonyneHHtie Btipaaceraia (7.107), (7.108) no^TBepayiaioT npaBHntHOCTt 
CTienaHHBix paHee bbibo/iob otiiochtc-Bbiio hcooxo.thmocth yncTa onnoBpcMen- 
ho ,TByx TiraoB MarHHTHBix noneil II h H\\ b himykhhh BuxpeBoro aneKTpme- 
CKoro nona E 0 ycKopeHHO .TBHVKymcroca 3apa,ia e. 

TaKHM o6pa30M, npupona BuxpeBoro sneKTpiiHecKoro nona E 0 TaKOBa, hto 
npn paccMOTpeHiiii moOoil mmcjthmoh cfjtepti pa/inyca R BOKpyr ycKopeHHO 
^BH>Kymeroca japan a e Beimraa BuxpeBoro sneRTpiinecKoro nona E 0 Ha no- 
BepxHocTH Taxon ccjicpBi (hjih bo Bcex TOHKax npocTpaHCTBa, naxonairraxca Ha 
BooOpaacaeMon cfjicpc pannyca R) oyncT onpcnenaTtca cxopocTBio n3Mcneiraa 
3HepniH MarHHTHoro nona Wh TontKO toh nacra npocTpaHCTBa, KOTopaa noica- 
nn30BaHa bho paccMarpHBaeMOH Boo6pa>KaeMOH ajjcpti. OniiaKo apcct movkct 
B03HHKHyTB Bonpoc: ecnH Ha 3toh BooOpaacaeMon ct|)cpe papi-iyca R paccMOT- 
peTt Mantra ynacTOK AS noBepxHOCTH S c<J)epti (puc. 42), to KaKOMy H3MeHeHHio 
SHepnra MarHHTHoro nona AW/, 6y.ncT cooTBOTCTBOBaTt BHxpeBoe nncKTpuHe- 
CKoe none E 0 b TOHKax Ha stoh noBepxHOCTH AS? Otbcthtb Ha 3 tot Bonpoc 
cpa3y iaTpyrniHTcntiio. B HacTHocra, b paooTC [4] nepBOHanantHo 6tmo npcn- 
nonoaceHO, hto BenHHiraa BuxpeBoro sneRTpunecKoro nona E 0 b TOHKax NhN' 
(puc. 42), a cnc/iOBaTcnBiro, h Ha Bcex TOHKax Btinencnnoii noBepxHOCTH AS npn 
coBMemeHira ee c tohkoh N, 6y.neT onpcnenaTtca toh nacTtio nncprn h AW 
MarHHTHoro nona h H\\, KOTopaa noKanH30BaHa Meacny nsyMa napannentHti- 
mh nnocKOCTaMH A h B. nepnennuKynapntix k HanpaBneHHio nm-T/Kcnna jap ana 



Phc. 42 
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h orpaiiH'icimBiMH BBCMCiiTapnoil unjinHapunecKOH noBcpxnocTBio A .S' = 25/?5/. 
npH 3TOM JJ.JUL BHXpeBOrO 3neKTpHHeCKOTO nona E 0 KaK (jjyHKLJHH OT H3MeHeHIia 

3Heprnn AWh MarHHTHoro nona, 3aicnK)HeHHOH Menmy yKa3aHHBiMH nnocico- 
ctmh A h B. 6tino nonyneHO BbipaaceHHe 


E 


1 evSl 

2 ~7¥At’ 


(7.107) 


hto, Ka3anoct 6 m, h 6hh3ko He eooTBeTCTByeT (7.100), (7.106). O/uraKo, TeM He 
MeHee, Meayiy yica3aHHHMH 3aBHCHM0CTaMH (7.100), (7.106) h (7.107) HMeeTca 
Tccnciiinaa B3anM0CBa3b, KOTopaa OKajinnacTca cKptiTOH noxa H3-3a onpeneneH- 
iibix oco6bix cbohctb BuxpcBBix sneKTpHHecKHx noneil E 0 . JSpa Toro hto6h 
noHJiTt 3 to, BcpneMca CHOBa k namcii Boo6pa>KaeMOH c(|)cpc pannyca R BOKpyr 
3BH>KymcrocH aapana e. B paooTc [4] 6 wan npunaTBi npc.rnocMnKH o BOipciicT- 
BHH H3MCIIJICMOH SIlCpTHH AW h MaTHHTHMX nOJieH Ha 3BIT/KV IHI-IHCa 3apa3 e 
njiocKHMH npocTpaHCTBaMH, ncpncn.iHKy.THpiiBiNfH k HanpaBJieHHio 3BH/Kcima 
3apa.ua, h ex03a H3 paccMOTpemia n nn h n 3 p h h e c k h - c h m m c Tp h h n o ii chctcmbi nn- 
HeHHoro TOKa, b kotopom 3cHCTBHTen1.no yKasannaa 3aKono\icpnocTB HMeeT 
MecTO. O.TiiaKO b nanni.ix pacncTax, KaK sto Bbiacminoci. b n o ca C3 ct b h h . ouih- 
6ohho npennonaranocb, hto SHeprua aKcnajitHoro MarHHTHoro nona H\ ot sne- 
MeHTapHoro Toxa 5 i miHeiiHoro TOKa i Taicace 3 a ct Bicaan b BuxpeBoe sneKTpHHe- 
CKoe none E 0 (7.107). Ilpn paccMOTpeHira >Ke ctJiepHHecKH-cHMMeTpHHHOH sa¬ 
lami c Boo6pa>KaeMOH ctjjepoii pannyca R, oicpyacaiomeH 03 HHOHHHH 3bhvkv- 
miinca c ycKopeHHeM japan e, cpa3y ace nanpamnnaioTca iiccko3bko hiibic 
npc.anonoaceima, nocne paccMOTpeHHa Koraptix mbi biiobb nontiTaeMca npoaHa- 
JIH3HpOBaTB enynaH C HM3HII3PM'lCCKH-CMMMCTpHHHOH CHCTeMOH. B HaCTHOCTH, 
H3 CCjjepHHeCKOH CHMMeTpHH 3aBHCHMOCTH (7.100), KOTOpaa, C yneTOM (7.101), 
mohcct Obitb npencTanncira eme b BH 3C 

E 0 — \hI dV . (7.108) 

0 4nevdti 0 


rne 

Hi = Hi + H} 


/ \ 

2 

/ \ 

2 

/ \ 

| ev 

1*2 1 

sin (p + 

ev 

cos 2 cp = 

ev j 

V cr 2 j 

ycr 2 j 

\cr 2 J 


(7.109) 


cpa3y ace HanpaniHBaeTca npcnnonoacciiHC, hto BenHHHHa BHxpeBoro sneKTpu- 
necKoro nona E 0 Ha hio6om BbmeneHHOM ynacTKe AS noBepxHOCTH S c<J)epi>i 
nponopunoHajiBHa to it nacra SHepniH A Wh cyMMapHoro MarHHTHoro nona H 0 , 
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KOTopaa ji0KajiH30BaHa b oOteMe AV yceneHHoro TenecHoro yraa, noBepxHOCTB 
cc'iciihm KOToporo ynupacTcn b BBmeneHHBiH ynacTOK AS noBepxHOCTH c(|)cpbi S 
pa.anyca R (pile. 42). Tax Kax cyMMapHoe aira'icnnc SHepniH Wh MarHHTHBix 
nonefi b npocTpaHCTBe bhc ajicpbi S h3bgctho (7.96), to /urn sncpn-m A Wh mohc- 
ho 3anncaTB 

W 

AW = — ^-t-AS . (7.110) 

4nR 2 


IIoziCTaBJiM 3to 3HaHeHne b (7.108) bmocto SHepniH Wh 


1 


AW = — f HndV = - 


, 2 2 
lev 


8 71 J 


2 C Z R 


IiaXO.THM 


AS dW H _ e Sv 
2k R 2 ev St 4kc 2 R 2 St 


(7.111) 


(7.112) 


hto, Ka3anoci> 6 bi, He cooTBeTCTByeT y>Ke hh (7.100), (7.106), hh (7.107). OziHa- 
ko TiajiBHeHinne uccne^OBaHiui noKa3anH, hto pacxo'/K/ieimc pe3yni>TaTOB 
(7.100), (7.107), (7.112) oKa3ajiocb oOycnoBneHHbiM TeM, hto BiixpeBoe 3JieK- 
TpunecKoe none E 0 , nponopunoHajiBHoe H3MeHeHHio sncpri-in MarHHTHoro no¬ 
un A Wh (7.110), zjojdkho 6bitb OTHeceHO toubko k toh nacra 3apjma Ae, KOTopan 
OTBeTCTBeHHa 3a ccri/iairnc stoh SHeprnn A Wh- onpc.icjicnun vkc stoh /iojih 
npeanono)KHM, hto iapan e nepeHeceH Ha ct|)epy pa/jnyca R n paBHOMepHo pac- 
npc/iencn no Hen. B stom cnynae ncTpynno noKa3aTb, SHepraa MarHHTHoro noun 
Wh BHe ,TBH'/KyincHcn ycKopeHHo sapnvKciinoil ctjiepbi S c sapnnoM e oy.TCT to>k- 
TiecTBeHHO paBHa SHeprnn Wh (7.96). CooTBeTCTBeHHO, n BenHHHHa BnxpeBoro 
3JieKTpnHecKoro noun E 0 Ha noBepxHOCTH TaKoro iapn/ia e 6y/iCT onpeziennTbcn 
BBipaTKeHneM (7.88). OzuraKo Ha noBepxHOCTH AS npn stom oy/icT naxo/iHTBcn 
toubko nacTB iapnna Ae, pamian 


Ae = — e —~ AS . 
4 kR~ 


(7.113) 


IloziCTaBJinn b (7.112) BMecTO nonHoro 3apnaa e ero 3HaneHHe (7.113) 


E o = 


AS 


2nR 2 vAe St 


W, 


H > 


(7.114) 


OKOHHaTeJiBHO nonynaeM 
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Eo=~W„=- 
ve ot 


dv 


■ 2 R dt 


(7.115) 


hto cooTBeTCTByeT y>Ke (7.100), (7.106). 

npc.inoiio'/KHM TcncpB, hto Ha noBepxHOCTH AS c(|)cpBi S, OKpy>KaiomeH 3a- 
psn e, noMemeH npooiiBiil japan e 0 = e, npn’icvi pajvicpBi 3 apana e 0 cohjmcphmi.i 
c pa3MepaMH noBepxHOCTH AS. B stom cnynae Ha 'japan e 0 co CTopoiiBi BiixpeBO- 

ro 3JieKTpHHecKoro nona E 0 6yneT neilcTBOBaTB cnna 

A F=E 0 e 0 . (7.116) 

Ha nyra ycKopciina A / (7.90) 3Toil chuoh oyncT coBepmeHa paooTa 

AA = AFAI = E 0 e 0 Al. (7.117) 


O.TiiaKO. BnonHe noMTHO Tenept, hto 3Ta paooTa He MonceT 6 bitb nononce- 
Ha no BenHHHHe Oontrne toh nacra SHepniH MarHHTHoro nona A Wh (7.110), 
KOTopaa oOycnoBJiHBaeT cymecTBOBamie BuxpeBoro sneRTpunecKoro nona E 0 
Ha noBepxHOCTH AS, a cnenoBaTenBHO, h chjibi A F (7.102). Ho b t3kom cnynae 
nna paOoTti A A cnenyeT 3anHcaTB 

AA<AW h (7.118) 

hjih, cyneTOM (7.110), (7.111), (7.117), 


E 0 ,e 0 A/ = 


w h as 

4t iR 2 


e 2 v 2 AS 
8nc 2 R 2 ’ 


(7.119) 


3/iccb BuxpeBoe sneRTpiiHecicoe none E 0 npcncTannacT co6oil peantHo 
o6Hapy>KHBaeMoe BuxpeBoe sjtcktphhcckoc none no TOMy neilcTBi-no, KOTopoe 
oho coBepuiHT Han npo6Hi>iM 3apjmoM eo. H 3 (7.119) nna peanBHO 
o6Hapy>KHBaeMoro BuxpeBoro nncKTpHHCCKoro nona Ha noBepxHOCTH AA cc])cpi>i 
S IiaXO.THM 

(7.120) 


E 0 , = 


e 2 v 2 AA 

8nc 2 R 3 Al 


unn, c yneTOM (7.90), OKOHHaTentHO 6yneM hmbtb 

F J eAv 

E o, - 


K4nc 2 R 3 At; 


[AS, 


(7.121) 


hto 3KBHBaneHTHO yace (7.112). 
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TaKHM o6pa30M, oco6oe cbohctbo BuxpeBoro sneKTpiiHecKoro nona E 0 

(7.86), (7.100), (7.106), HH^yunpyeMoro b npocTpaHCTBe okoho ^Biineymerocn 
ycKopeHHo sapana e, 3aienK)HaeTcn b tom, hto oho HMeeT yKaianiiBic jiiaHcnun 
(7.86), (7.100), (7.106) tohbko nuniB b BaKyyMHOH cpe^e, b KOTopoil OTcyTCT- 
ByioT peantHBie iapn/iBi. Ilpn HanHHini nee peanBHBix lapnnoB e /ichctbhc sthx 
noneii Ha hhx oyncT onpeaennTBcn toubko toh nacTBio ancpni h MarHHTHBix 
noneii H±, H\\, KOTopan 3aienK)HeHa bo BHeimieH Hacra TenecHoro yrna, omi- 
paiomerocn Ha paccMaTpiiBaeMBiii peanBHBiii japan (huh 3a3KpaHiipoBaHHoii hm), 
T.e. cjjyHKHHOHajIBHBIMH 3aBHCHMOCTJIMH BHJja (7.112), (7.121). 

BepncMCH TenepB bhobb k npcnnononecimio o .tchctbhh nircpni h MarHHT- 
hoto nona A W H Ha paccMaTpHBaeMBiH npo6HBiH 3apnn e 0 nnocKHMii o6BeMaMH 
[4]. OyHKHHOHajiBHaa 3aBHCHMOCTB, OTpaneaioman stot cnynan, KaK otmchciio 
BB irne (7.107), HMeeT Biin 


~ _ 1 ev81 
° ~~~4 c 2 R 2 At 


(7.122) 


H 3 pnc. 42 bh.tiio. hto BuxpeBoe 3JieKTpnHecKoe none E 0 onpenenanoci. Ha 
niinwinpHHecKoii noBepxHOCTH AS n pa.niiyca h h nminoii 81. Ilpn stom nnepnin 
MarHHTHoro noun A W H 6BiJia OTiiccciia He k toh nacra iapn.Ta Ae 


Ae = 


eAS 
4t 1 R 2 ’ 


(7.123) 


koto pan oTBeTCTBeHHa 3a HMCiomyioea 3a niinminpHHecKoii noBepxHOCTBio AS a 
= 2nh81' 3HepniH A Wh MarHHTHBix noneii, a, onnTB nee, k npo6HOMy 3apnny eo = 
e b TOHKe N. Ecnn nee b BBipaneemni (7.122) HHcmrrenB h 3HaMeHaTenB yMHO- 
neiiTB Ha japan e h b 3HaMeHaTene cnenaTB 3aMeHy e Ha Ae 


~ _ 1 e 2 v8l 

^0 All ’ 

4 c~R~AeAt 

to no/iCTaHOBKa (7.123) b (7.124) cpa3y nee n aeT 

~ 1 e 2 v81 

En =-r- . 

2 c 2 hAt81' 


(7.124) 


(7.125) 


ElpHHHMan bo BHHMaHiie, hto h = R sin <p, 81 = T sin <p, nnn BuxpeBoro 3neK- 
TpiiHecKoro nona E 0 (125) b TOHKe N (pnc. 42) oKOHHaTenBHo 6yneM HMeTB 


E 0 = 


1 ev 

2 c 2 RAt ’ 


(7.126) 
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hto b zjBa pa3a MeHtrne .neHCTBHTenBHoro 3HaHeHi«i E 0 , onpeaenneMoro (Jiymc- 
UHOHajIBHBIMH 33BHCHMOCTZIMH (7.86), (7.100) II (7.106), BBipa>KeHHBIX KaK He- 
nocpcziCTBCiino Hcpci BeKTopHBiH noTcnmiaji A (7.50), Tax h Hcpci 3Heprnn 
MarHHTHBix noneil H ± h H\\ b BH^e (7.97), (7.101), (7.106). H 3 (7.126) mtokho 
y>Ke 3aKJiK)HHTB, hto c/icnamiBic paHee npczinoiio'/Keiiiiii 06 ini.iyKHii ii BiixpeBBix 
3neKTpHHecKnx noneil E 0 H3MeHJiiomeHCJi sHeprneH A Wh MarHHTHBix noneil b 
nnocKHX o 6 BeMax npocTpaHCTBa, nepneHztHKynapHBix k HanpaBneHHio .tbiivkc- 
hhh iapuna e, cooTBeTCTByeT tojibko naCTHOMy cnynaio jniHeHHoro Occkoiichiio- 
ro TOKa nepeHoca. Modkho noKa3aTB, hto npHMeHHTenBHO k o.nmioHiioMy ycKO- 
peHHO ziBiDKymeMycn 3apnay e 33bhchmoctb (7.126) /pin pa 6 oTBi A' (7.92) .naeT 

A' = WJ2, (7.127) 

hto cpa3y >Ke BBi3BiBaeT onpezieneHHBie coMiicnna b ee cnpaBe/uiiiBocTii. O/ina- 
ko, TeM He MeHee, 3a.rio>R'cnnaH b nepBBix npeanocBiJiKax (|)H3HHecKaH cymHOCTB 
OKa3anacB HecoMHeHHO none3HOH. H, b h3cthocth, npn onpc.TCJiciiim BiixpeBoro 
3JieKTpnHecKoro noun E 0 ot sneMeHTa 5; nnHeiiHoro Toxa i 0Ka3BiBaeTca Heo6- 
XOZJHMBIM y>Ke HCnOJIB30BaTB (jiyHKHHOHaJIBHyiO 33BHCHMOCTB (7.126), a He 
(7.86), (7.100), (7.106). CneziOBaTenBHO, ycTaHOBJieHHaa cjiyHKHHOHajiBHaa 33 bh- 
chmoctb (7.126) Taioice OTpa>KaeT co6oh onpe/icncimyio 33KOHOMepHOCTB HBne- 
HHH 3JieKTpOMaTHeTH3Ma, OHIiaKO npHMeHHMa OHa TOUBKO B KOHKpeTHBIX (|)H3H- 
HecKiix ycnoBHUx. 

Ilociie nonyneHiHi ynoBneTBopiiTenBHoro coBnazieHiin pe3ynBTaTOB pacne- 
tob (7.86) h (7.106), npoBezieHHBix npiiHuiinHajiBHO otjihhhbimh MeTOZiaMH npn 

pa3HHHHBIX HCXO/IIIBIX npC.TnOCBIJTKaX, npC.TCTaBHSICT HHTepeC BHOBB paCCMOT- 

peTB cnynaii HH/iyKHHH BiixpeBoro sneKipiinecKoro noun Ej (7.67) npn paBHO- 
MepHOM h npuMOJiHHeiiHOM .TBii/Kcnmi 3apn,Ta e h yoc/iiiTBoi b npneMneMocTH 

ycTaHOBJieHHOH 3aKOHOMepHocTH (7.97), (7.98), (7.101) h nun 3toto cnynaa. 

ripC.TnOnOVKHM, HTO 3apH,T e ZIBHVKCTCH paBHOMepHO II npUMOUHHeHHO CO CKOpO- 
CTBK) V B/lOJTb OCH X (CM. pHC. 42). OnpCTICJlIIM II3MeHeHHe 3HepTHH dW h Mar- 
hhthoto nona H 0 , npuxo.THmciicsi Ha sneMciiT noBepxHocTH 55 npii nepeMeme- 
hhh lapa/ia e no och x Ha OTpe30K nyTii dx. BenHHHHa ancpni h MarHHTHoro no¬ 
un A W H , npiixo.THmaHCH Ha tjicmciit noBepxHocTH 55, paBHa 


A W H = 


rip IHIHMaH bo b n ii\i a 11iic R 2 


W H so e 2 v 2 55 

- T bs = -—. 

4nR- 8tic-7? 3 

= x 2 + h 2 , nepeniimeM (7.128) b Bii^e 


(7.128) 
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AfV„ = 


f e\r5s} 

K 8nc 2 R 3 j 


(x 2 +h 2 ) 3 ' 2 


(7.129) 


npupameHiM cjjyHKijHH (7.129) npn h3mchchhh apryMeHTa x Ha bgjih- 
'iHiiy dx oyncvi hmctb 

/ ~ ~ \ 

3 xdx 


dW H =-| 


( e 2 v 2 8S ^ 


k 8kc 2 R 3 j 


(x 2 +h 2 f 2 


HUH, BBHJiy paBGHCTBa X = R cos (p, nonyHHM 


tTI , 3e 2 v 2 5Scosm , 
dW H = --—;-cos 9 dx . 


8kc 2 R 4 


(7.130) 


(7.131) 


IlozicTaBJijra (7.131) b BBipa>KeHHe (7.97), rjisl BuxpeBoro sneRTpunecKoro 


nona Ej mo>kho aanucaTb 


E x = 


1 dW H 3e 2 v55cos(p dx 


4jie'v dt 4 n e'c 2 R 4 dt 


cos 9 . 


(7.132) 


YniiTtiBan, hto dx/dt = -v h hto SHeprun MarHHTHoro nonn A Wh (7.128) 
cooTBeTCTByeT sapnny 

e 


e =- 


-55', 


4kR^ 

r^e 5 S' = 5 S cos 9 , ajul Btipa^eHiM (7.132) nonyHHM 

3e 2 v 2 cos 2 9 


E x =~ 


c 2 R 2 


(7.133) 


(7.134) 


CpaBHHBaa (7.134) c BBipa>KeHHeM /pia BuxpeBoro sneKTpiiHecKoro nona 
Ej (7.67), KOTopoe HMeeT cxomiil bhxi 


E 1 = 


e 2 v 2 C 0 S 9 
~c 2 R 2 


(7.135) 


o6Hapy>KHBaeM ncjnaHHTcni.noc otjihhhc hx apyr ot npyra. B nacTHOCTH, bhx- 
peBoe 3JieKTpHHecKoe none Ej (7.134), onpexieneHHoe nepe3 H3MeHeHHe nonHo- 
ro MarHHTHoro noun H 0 , T.e. nepe3 H3MeHeHHe aKcnantHoro h pa^HajitHoro 
H± MarHHTHBix noncil nBH/Kyincrocn iapn/ia, OKasanocr b Tpn pa3a Goubhihm, 
neM BHxpeBoe sneKTpHHecKoe none Ej (7.135), nonyneHHoe npn yneTe H3MeHe- 
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Hiia bo BpeMeHH BeKTopHoro noTennuana A Bflont och x (npn 9 = 90°). /],na 
oobacnenna nannoro pacxo'/xneima oopaTHMca noxa k TOMy (JmxTy [4], hto 
SH eprua A Wh axcHantHoro MarHHTHoro nona H cocTaBnaeT xax pa3 1/3 ot non- 
hoh oHepniH AWh (7.129). BnonHe ecTecTBeHHo, H3 conocTaBnemia (7.134), 
(7.135) HanpaniHBaeTCM bbibo,h, hto npupona BiixpeBoro snexTpiiHecxoro nona 

Ej (7.67), (7.135) TaxoBa, hto oho HHnyuiipyeTca toubxo ozihhm axcnantHtiM 
MarHHTHBiM non cm //|, a pannanbnoc MarHHTHoe none II b nnnyKnnn BiixpeBO- 
ro ojiexTpHHecxoro noun Ej npn paBHOMepHOM h npaMomiHeHHOM /mroxeHHH 
3apa.ua e He npnnnMacT ynacTna. J1 h6o, Hao 6 opoT, hto (|)ynKnnonanbnaa 33 bh- 
chmoctb (7.67), onpenenaeMaa nepe3 onHy nacTHyio npoH3BonHyio dAJdx Bex- 
TopHoro noTeHUHana A, He nacT eme nonHoro npcncTaBnenna 060 Bcex bo3- 
mo/Xiimx nnnynnpyeMbix b npocTpaHCTBe oxono nBnvxymeroca paBHOMepHO h 
npaMonnHeiiHo 3apa.ua e snexTpiiHecxHx nonax. Eonee nonpoonoc paccMOTpe- 
Hue 3 toto Bonpoca 6 yneT npennpiiHaTo b cnenyiomeH rnaBe 8 .naHHOH xhhth. 
Cciinac 5xe movxiio orpaHHHHTtca noxa ccbinxoH Ha to, hto nccn c.tob a iihc Bcex 
nacTHtix npocTpancTBcniiBix npoHBBonnbix BexTopHoro noTcnnnana A .tchctbh- 
TentHO pacT bo3mo>xhocti> BBiaBHTB cymecTBOBaHHe b npocTpaHCTBe oxono 
.TBHVxymcroca paBHOMepHO h npaMonHiiciino iapapa e nerapex bh.tob «rpa,TH- 
eHTHBix» snexTpuHecxHx noneii, on no H3 xoraptix TovxnccTBenno c BuxpeBtiM 
snexTpHHecxHM noneM E[ (7.67), (7.134). 

Ilpn paccMOTpeHHOM BBiinc cnynae ycxopeHHo nBnvxymeroca iapapa e eme 
He OTMC'ianocb, xaxne HiMcncnna npn stom MoryT hmctb BnxpcBBic snexTpune- 

cxne nona E, (7.67), (7.134). Onnaxo H 3 caMoii 3 aBHCHM 0 CTH nna BiixpeBoro 
snexTpHHecxoro nona Ej (7.59) 


Ej = — (v • grad) A (7.136) 

c 

movxho ycMOTpcTB. hto h npn ycxopeHHOM hbhvr'ciihh aapana e (|)ynKnnonanb- 
Haa iaBHCHMOCTb (7.136) He H3MeHHT CBoero Bnna, 3a HcxmoHcnncM Tontxo 
nnnib toto, hto none E, Ha HeH3MeHHOM paccToaHHH ot iapapa e oyneT Tcncpb 
BenHHHHOH nepeMeHHon. 

3. /],ii(|)(J)cpeimiianbiibie ypaBiieiinn 
AJIH TBVX THnOB BIIXpCBBIX 3JieKTpHHeCKHX nOJieil 

flonBcpmcM paccMOTpeHHK) BnxpcBbic snexTpHHecxne nona E 0 ycxopeH¬ 


Ho nBHvxymeroca jap an a e, npHHHMaa bo BHHMaHne, hto npnpona Taxoro Tuna 
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nonefi Hay'iciia /locTaTO'ino xoporno. Onupaact, b KaKOH-TO CTeneHH, Ha npc/i- 
CTaBneHiM 06 hbbcctiibix BiixpeBtix tjicktph'icckhx noiwx E 0 , b /lauBneHirieM 
6 onee yray 6 neHHoe BHHMaHHe 6 yzieT yueneHo h k uccne^oBaHHio cbohctb biix- 
peBtix 3JieKTpHHecKnx nonefi Ej paBHOMepHo h np^MonMHeiiHo ziBiDKymuxcji 
3apaziOB. Tax Kax bo Been pa 6 oTe nocToanno aKneiiTupycTCH BHHMaHHe, hto 
paccMaipHBaeMBie nona E 0 h Ej HBjiHiOTCfl BiixpeBtiMH ojieKTprraec khmh no- 
JIHMH, TO npe.TCTaBJTflCT HHTepeC HCCJIC/lOBaTB HaCTHBie npOH3BO,TIIBIC rot E 0 , 
aHanornHHO Kax h rot Ej (7.77), (7.78). H ecnH zjjm BHxpeBoro sneRTpunecKoro 
noira E 0 oDTCMiiaH npomBOTUiafl /icHCTBUTCUBno He paBHa nynio, to npe/iCTaB- 
JMeT HHTepeC nOCMOTpCTB, HCMy )Ke OHa Oy.TCT COOTBCTCTBOBaTB. 

IIpHMeM iraH/icimoe bbiiiic BBipa>KeHHe (7.86) Jinx BCKTopa BHxpeBoro 3JieK- 
TpHHecKoro noim E 0 b Bii,rie 


E 


o ~ 


e dv 
c 2 R dt 


(7.137) 


BblOepCM HHjTHn.TpH'ICCKyiO CHCTeMy KOOp.THIiaT C OCBK) x, HanpaBJieHHOH 
no HanpaBJieHHio ycKopeHHO .UBiDKymeroca 3ap>ma e. Tax Kax b stom cnynae xtJia 
KOMnoHeHT BeKTopa E 0 6y/icT hmctb 


E 0,=" 2 


e dv 


R dt 


E 0 _ — 0 > 


E 0 - 0, 


to /uni rot E 0 mo>kho 3anHcaTB 


rotE 0 = -- 


5E n 


dr 


_( Po • 


IIoacTaBJiM (137) b (141), 3annmeM 


~ e dv d ( 1 

rotE„ = —= -— 

cR dt dr l R 


<Po' 


(7.138) 

(7.139) 

(7.140) 

(7.141) 

(7.142) 




TnaBa 7. Chctcmbi ypaBHemm jvw BuxpeBBix 3JieKTpHHecKHX 
nonefi paBHOMepHO h vcKopeHHO nBH>Kymeroc?i 3ap>ina 


459 


ITpuHUMaa bo BHHMamie, hto R = i Jx 2 + r 2 h flH(J)(|)epeHUHpyH no R, ansi 
(7.142) nonyHHM 


rotE 0 = -] 


f e dv sin tp ' 


2 n2 

vc R 


dt 


<Po- 


Ilpeo6pa3yeM BBipavKcimc b cKo6Kax k bitty 

.IAf 

c dt 1 c R 2 


~ 1 d (v e . . 

rotE 0 =—— - — sincp <p 0 , 


(7.143) 


(7.144) 


OTKyna y>Ke iicnocpc.TCTBCimo ciic/iycT 


15 1 

rotE 0 =— —-[vxE] 

c dt c 


~ 1 oH, 

rotE 0 =- 

c dt 


(7.145) 

(7.146) 


hto cooTBeTCTByeT 3anncn (7.45), (7.54). TaKHM o6pa30M, nponiBonnaa rotE 0 
^encTBHTenBHo He paBHa nyjiio n onpenejiHCTCH cKopocTBio HiMciieima BeKTop- 
hoto pa/jnajiBHoro MarmiTHoro nona H pBHVKyincrocH Tapa/ia e. O.TiiaKO bck- 
Top E 0 He HBJiaeTCJi onpeaeneHHtiM nojmocTBio, noica He onpexteneHa apyraa 
npocTpaHCTBeHHaa npouBBonnaa ero divE 0 . Bi.ionpaa bhobb nnjiHn.TpHHCCKyio 
cucTeMy KoopziHHaT h npiiHHMaji bo BHHMaHHe (7.138), (7.139), (7.140), rjisl 
divE 0 mo>kho 3anncaTB 


rotE 


_]_ d_ 
c dt 



1 0Hii 


c dt 


(7.147) 


hto TaK^Ke cooTBeTCTByeT 3anncH (7.53), (7.55). C ycTaHOBJieHiieM ziH(J)(J)epeH- 
unajiBHOH (J)opMBi 3anncH ypaBHeHHH (7.146), (7.147) jiim BHxpeBoro 3JieKTpn- 

necKoro nona E 0 , npeflCTaBJiaeTCJi bo3mo>khbim 3anncB hx h b HHTerpajiBHOii 
(JiopMe (7.56), (7.57), T.e. 

1 P 

lE 0 d =-f h ys > 

L Cdt S 


(7.148) 
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E n t/S = - — 


f H 


c dt J 


dV. 


(7.149) 


TaKHM o6pa30M, mbi CHOBa npunuiH k npeacTaBJieHHio o cjjopManBHOM Mar- 
HHTHOM nOTOKe <1> 


0 = Jh ± JS (7.150) 

s 

'icpci noBepxHOCTt S, o.TiraKO sto cjjopMajitHoe npe.TCTaBncime, KaK sto Tenept 
HarcumHO bhziho 113 (7.148), (7.149), OKa3anocB npiiMemiMBiM tojibko zjna o^ho- 
ro BeKTopHoro pa^najiBHoro MarmiTHoro nomi H L . Cne^OBaTentHO, earn b hc- 
xozihbix ypaBHeHHJix MaKCBen.na (7.45) onepHpoBanH toubko c oahhm BeKTop- 
HBIM MaTHHTHBIM nOJieM Hi (B03M05KH0CTB CyHIGCTBOBaill'IJI CKajIUpHOTO MaT- 

hhthoto nojiH H\\ b 3JieKTpoflHHaMHKe He ^onycKanacB), to pemeHHe (7.45) b 
BHzie (7.44), b o6meM, oTpa>Ka.!io H3BecTHBie 3aK0H0MepH0CTH aim KaKoro-To 
nacTHoro GJiyHaa. 0/iiiaKO, c (|)H3H'icckoh tohkh ipcimn TenepB ohcbh.tiio, hto 
3anncn ypaBHeHHH (7.45) hjih (7.146), (7.148), 6e3 3anncn ypaBHeHHH (7.147), 
(7.149) (T.e. 3anncB ypaBHeHHH toubko 'icpca o.tiio MarHHTHoe none Hj_), cyme- 

CTBeHHO HCKa)KaK)T (|)H3HKy JIBJieHHS. 110,TTBCp5K.TCIIIICM 3TOMy CJiy5KHT TOT 

ijjaKT, hto BeKTop BHxpeBoro sjieKTpHHecKoro noun E 0 (7.97), (7.98), (7.106), 
(JinrypupyEOHiHH KaK b ypaBHeHHJix (7.45), (7.146), TaK h b (7.148), HMeeT npaBO 
Ha cymecTBOBaHne toubko npn oniioripcMcinioM yncTe peanBHocTH cymecTBo- 
BaHHH flByx bhziob MarHHTHBix nonei! Hi h H\\. HanpuMep, eCJIH B (7.97) nono- 
5 khtb H\\ = 0, to hjvl BHxpeBoro sneKTpHHecKoro noun E' 0 (7.107) noHynaeM 


2 e dv 

3 c 2 3 R dt ’ 


(7.151) 


hto He eooTBeTCTByeT hh (7.86), hh (7.106). B pe3ynBTaTe (7.151) /pia BeKTop- 
hoto noTeHHHajia A H3 (7.50) mbi .hoidkhbi HMeTB 

2 ex 

A' = —-, (7.152) 

3 cR 

hto He eooTBeTCTByeT (7.13), (7.22), (7.40). B cboio onepe/iB, no/icTaHOBKa 
(7.152) b (7.10), (7.19) hjul H3BecTHoro pajinajiBHoro MarHHTHoro nous Hi .naeT 


(7.153) 
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hto He eooTBeTCTByeT ynce bkc nep hm cnTailbir bim (])aKTa\i h t./i. OxtHaico o.tiio- 
BpeMeHHaa no/jCTaHOBKa (7.151), (7.153) b (7.45), (7.146) bhobb npiiBO^HT Hac k 
npaBHJiBHOMy cooTHomeHHio MOKny BeKTopoM BuxpeBoro BBCKipn'iecKoro noun 
E 0 h BeKTopHBiM noTeHunanoM 


TO eCTB 


(2~ ' 

I 1 d 

r 2 

-E 0 

V 3 > 


— rot A 

1 c dt 

,3 J 



1 0A 
c dt 


(7.154) 

(7.155) 


HTO CBHfleTeUBCTByeT O 3HaHHTeJIBHOH (JjOpMaUBHOH 061HHOCTH 3THX ypaBHeHHH 
H He3aBHCHMOCTH HX OT KOHKpeTHOH (|)H3HKH HBJieHHH 3JieKTpOMaTHHTHOH HH- 

ZiyKUHH. A ecnH 3 to Tax, to ypaBHeHHH (7.45), (7.44), a TaioKe (7.146), (7.148) h 
(7.147), (7.149) b OTXieJiBHOCTH .hoidkhbi paecMaTpiiBaTBCH tojibko Kax BcnoMO- 
raTenBHBie ypaBHeHHH. 

OnpC.TC.riCimBIH HHTepeC B 3TOM OTHOHieHHH npe.TCTaB.THCT ypaBHeHHe 
(7.149), KOTopoe /lonomiHCT ypaBHeHHe (7.148). OirjH'iccKaH HiiTcpnpcTani-iH 
ero 3aKJiioHaeTCH b tom, hto H3MeHeHHe aKCHanBHoro MarHHTHoro noun // b 
3aMKHyTOM o6i>eMe V BBi3BiBaeT noHBJieHHe noToica BCKTopa BuxpeBoro sneic- 
TpHHecKoro noun H3 /lamioro o6i>eMa huh b /lamiBiii o6i>eM. Tpy6o roBopn, sto 
COOTB eTCTByeT TOMy, HTO B o6l>eMe V nOHBJTHIOTCH TaKHC HanpHHCeHHOCTH 3JieK- 
TpHHecKnx noneii E 0 , KorapBie eooTBeTCTByioT ktik 6bi cymecTBOBaHHio onpe- 
/icnciniBix BHpTyajiBHBix lapnnoB BHyTpn paccMaTpHBaeMoro o6l>eMa nOHOHCH- 
TeJiBHoro hjih o t p h h a Ten b n o ro 3HaKa. O/uraKO cuc/iycT otmcthtb, hto earn 
divE 0 BeKTopa BuxpeBoro sjieKTpHHecicoro noun E 0 He paBHa Hynio, to Tor.ua 
TioJDKHa cymecTBOBaTB Taxan CKannpHan cjiyHKHHH y 0 , xtJiH KOTopoil .hoidkho co- 
6 nio/iaTBCH ycnoBHe 

E 0 =grady 0 . (7.156) 


J\jw HaXOHCJieHHH CKajIHpHOH c|)yHKL|HH y 0 npHMeM BO BHHMaHHe 3HaneHHe 
BeKTopa E 0 (7.137) 


E 0 =-grady 0 =- 


vc 


e d\ 
2 dt 


'\lx 1 + r' 


(7.157) 


Pacc\faTp hb a h grad yo b hh.thii.tph'icckoh cucTeMe Koop.THiiaT. nonyHHM 
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dx 


x o = 


e 5v^| 

W~di) 


Jx 2 +r 2 


HTO COOTBeTCTByeT ypaBHeHHK) 

dy 0 = 


\C 


e dv 
2 dt 


dx 


'{x 2 +y 2 


pememie KOToporo hmoot buji 


Yo = 



(7.158) 


(7.159) 


(7.160) 


TaKHM o6pa30M, i-icxo/w m nonyHeHHoro pe3yntTaTa (7.160), mo>kho 
KOHCT aTHpoBaTL, hto b peajiBHOM cnynae MoryT cyinccTBonaTb TaKiie ncKTopiibic 

noira E 0 = - grad yo, /pifl Koraptix TeopeMa CTOKca 

rot grad (p = 0 (7.161) 

OKaiUBacTCfl nenpuMeiiHMOH: 

rot grad y 0 7 ^ 0 . (7.162) 

ClIC/iyCT OTMCTHTB, HTO TOHHO THKHfl )Ke CHTyaHHH odHapymiBaeTCJi H ,TJIfl 
BeKTopHoro noTcnnnana A, jsjir KOToporo hmoom 

A = -grady (7.163) 

H, COOTBOTCTBOHHO, 

y = -^jl n(x+yjx 2 +y 2 y (7.164) 

TaKHM o6pa30M, ecnH jj.ru CKanapHoro noTeHunajia 9 (7.4), (7.38) hcxozjho- 
ro KynoHOBCKoro aneRTpunecKoro noioi E ztBH>Kymeroca 3apjma e Bcer.ua HMeeT 
MeCTO 


E = - grad 9 , 

(7.165) 

div E = - div grad 9 = 47 ip, 

(7.166) 

rot E = - rot grad 9 = 0, 

(7.167) 


to jjrr CKairapHBix noTeHunajioB y (7.164) h y 0 (7.160) cootbotctbohho hmoom 

A = - grad y, 


(7.168) 
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E 0 = - grad y 0 , (7.169) 

rot A = - rot grad y = Hj_, (7.170) 

div A = - div grad y = - H\\, (7.171) 

~ 1 5H 

rotE 0 =-rot grad y 0 =-—K (7.172) 

c at 

1 8Hu 

divE 0 =-divgrady 0 =-. (7.173) 

c dt 


IIpHHHMan bo BHHMaHHe (7.77), (7.79), hto rjisi BirxpeBoro ojieKTpiiHecKoro 
noira E, .iBH'/KymcrocH co CKopocnao v japa/ia e hmccm 


rotE, = 


3ev sirup cos cp 


tPo ^ 0 > 


(7.174) 


divEj =-(3cos 2 cp -1) ^ 0, 

[cR 3 


(7.175) 


to aHanorHHHBiMH paccy>KzieHHaMH ycTaHaBJiHBaeM 

E[ =-gradyi, (7.176) 

ryie CKanapHaa cjryHKUiifl yi = f[ r, t). Cne^OBaTentHO, aim BiixpeBoro ojieKTpiiHe- 
ckoto noira E, TaioKe mo>kho 3aimcaTB 

(7.177) 


rotE[ =-rotgrady! ^0, 
divE[ = -divgradyj ^ 0 . 


(7.178) 
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4 . Chctcmm ni(|>(|)cpcmiiia.ii.m.i\ h HHTerpajibHbix ypaBiicinni ^jih 
CK ajinpHbix h BCKTopiibix nojieii flBHacymerocsi sapsiia 

/],jm HarjifljjHOCTH h nRfi y,no6cTBa AantHeHinero auanma BBimimeM Bee 
ZjH(J)(|)epeHUHai[i>Hi>ie ypaBHemui jsjisi Bcex noneii ziBiiTKymeroca 3apjma e b cne- 
.nyiomeH (J)yHKUHOHajiBHO B3anMOCB7[3aHHoii nocne,noBaTenBHOCTH: 


9= = ——, 

R(t) 

(7.179) 

E = grad cp = R(t), 

R\t) 

(7.180) 

rot E = 0, 

(7.181) 

CL 

II 

-3 

(7.182) 

ii 

(7.183) 

6\ 

A = - grad y =-, 

cR(t) 

(7.184) 

rot A = H ± , 

(7.185) 

div A= H\ |, 

(7.186) 

Hi = — j —[v x R(t)], 
cR(t) 

(7.187) 

471. 4n 

rotH ± = j CM -j CM , 

c c 

(7.188) 

div Hl = 0 , 

(7.189) 

H|| = % (v • R), 

cR (t) 

(7.190) 

An 

- grad A/ =—j CM , 
c 

(7.191) 

To =/o(r, t ), 

(7.192) 
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p j e d\ 

E 0 = grady 0 = , 

c 2 R dt 

(7.193) 

~ _ ISA 

“ 57> 

c dt 

(7.194) 

p 1 oH 

rot E„ =- 

0 c dt 

(7.195) 

~ 1 dH n 

divE 0 = —, 

c dt 

(7.196) 

II 

bs 

j-s 

(7.197) 

p , ev 2 costp 

E| = grad y, = x 0 , 

c 2 R 2 

(7.198) 

Ej = — (v • grad)A, 
c 

(7.199) 

rot E, = - — (v • grad)Hj_, 

c 

(7.200) 

divE! =-— (v-grad)H,,. 
c 

(7.201) 


YpaBHeHHHM (7.181), (7.182), (7.185), (7.186), (7.188), (7.189), (7.195), 
(7.196), (7.200), (7.201) cooTBeTCTByioT ypaBHemirt b iiHTerpantHOH cjtopMe 


j)E di 

L 

= 0, 

(7.202) 

j)Er/S = 4jiJ* pdV , 

s V 

(7.203) 

|a</i = j 

H ± rfS, 

(7.204) 

L S 



|a(/S = 

[h, dV, 

(7.205) 

s ’ 

7 




466 


3JIEKTP0flHHAMHKA OHIHHECKOrO BAKYYMA 




(7.206) 

L S 



j)H ± rfS = 

0, 

(7.207) 

5 



- 0 gradH || dS = — f j CM dS, 

(7.208) 

S 5 

s 


{e 0 <71 = --— 
J 0 cdt. 

L l 

(* H ± JS , 

s 

(7.209) 

5 V 

H,| dV, 

(7.210) 

<£Ej (A = -— f (v • grad)H ± <iS , 

(7.211) 

L S 



j)Ej dS = — j* (v • grad)H|| dV . 

(7.212) 


s v 

YpaBHeHiM (7.193) h (7.197) MoryT 6 biti> .nononHeHti eme ypaBHeHiiaMii 


BHZia 


E 0 - - 


v 8 

Anev 2 dt 


|(Hi +H 2 )dV, 


Ej=- 


v d 

Anev 2 dt 


|(Hi+H 2 )dV. 


(7.213) 

(7.214) 


Chctgmbi ypaBHemra (7.179)-(7.201), (7.202)-(7.212) h (7.213), (7.214) 
npc.acTan.THioT coooii Bee boimoatibic ypaBnennyi b hx nocnc/io bbtc jtb no il 

B3aHMOCBH3H RJISL OnHCaHHS CKajiapHBIX (p, J, Jo, Yl, H\\ H BGKTOpHBIX E, A, Hl, 
E 0 , Ej noneii nBHJicymeroca 3apa.ua e. Ilpn 3 tom, ecJiH CHCTeMBi 
7(H(J)(J)epeHUHai[i>Hi>ix ypaBHemiH (7.179)—(7.201 ) oTpajicaioT co6oh, b Kaicon-To 
CTeneHH, itjbcctiibic npcacTaBJieiiHH o 3aKOHax 3JieKTpoMarHeTH3Ma, to 
HHT erpajii.Hi.ie ypaBHeHiia BH.ua (7.204)-(7.206), (7.208), (7.210)—(7.212) 
OTpavKaioT co6oh y>Ke KaKiic-TO iiobbic, iich3bcctiibic paHee 3aKOHOMepHOCTH. B 
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to HOBtie, IICH3BCCTHMC paHee 3aK0H0MepH0CTH. B 'iacTiiocTH. coraacHo (7.204) 
cnc/iycT, hto ManiHTiibiH noTOK pannajiBiioro MaraiiTHoro nona H . npoHH3Bi- 
BaromHH 3aMKHyTi>iH KOHTyp L, nponopunoHajieH ipipKyjiaipm BeKTopHoro no- 
TeHunajia A bxjojib stoto KOHTypa. B cboio onepe,HB, coraacHo (7.205), HHTerpaji 
no o6BeMy V ot aKcnanBHoro MamuTHoro nona H\\ nponopniioHaneH noToxy 
BeKTopHoro noTeiiHuajia A 'icpci noBepxHocTB S, orpaiin'ii-iBaioinyio nainiBiii 
o6BeM V. Anaaorn'inaH HiiTcpnpcTanHa MoaceT 6 bitb ,Tana n cjjyHKUHOHanBHOH 
33BHCHMOCTH (7.208), B KOTOpOH p3CCM3TpHB3CTCH npOnOpUHOHajIBHOCTB CKOpO- 
cth imfcirenna aKcnanBHoro MarHHTHoro nona // b o6BeMe V c noTOKOM BeKTO- 
pa BuxpeBoro sneKipiiHecKoro nona E 0 ncpci noBepxHocTB S, orpaiiHHHBaio- 
myio TjaHHBin o6BeM V. Hto ace KacaeTca 3aBiicnMOCTen (7.204), (7.206), to ohh 
ycTaHaBJiHBaioT nenocpc/iCTBCimyio B33HMOCBa3B MarmiTHBix nonen II , II 
.TBiTA-ymcroca 3apa,ia e c tok3mh cMemcima j CM , j” M , KOTopBie HiinynnpyioTca b 
OK pyacaiomeM npocTpaHCTBe sthm ace sapa.TOM e. 

H3 ypaBHOHHn (7.179)—(7.201) bh^ho, hto ocHOBHoe cymecTBo nx 3aKJiio- 
naeTca b tom, hto H3 hcxojjhbix £Hc|}c|}epeHUHajiBHBix ypaBHemin (7.180), 
(7.181), (7.182) n (7.185), (7.186), (7.188), (7.189), (7.191) oTBicKHBaioTca cxa- 
napHBin (p (7.179) n boktophbih A (7.184) noTeHiinajiBi sneRTpunecKoro nona 
E(r,i) xiBiiacymeroca 3apa.ua e. A xjajiBnie, ncnonB3ya toiibko oxiHy KaKyio- 
Hn6ynB /(H(J)(|)epeHnHajiBHyio onepaunio Ha,n cKaaapHBiM (p(r,l) (7.180) huh BeK- 
TopHBiM A(r,i) (7.185), (7.186), (7.194), (7.199) noTeHunanoM, ycTaHaBJiHBaioT- 

ca Bee bh,hbi 3JieKTpHHecKHX E, E 0 , Ej h MarHHTHBix Hi, H\\ noneil ziBiiacyme- 
roca 3apa.ua e. Bee ocTanBHBie ^ononHHTeaBHBie flHfJxJiepeHUHajiBHBie ypaBHe- 
Hiia HcnojiB3yiOTca toubko zpia yTOHHeHna ripupo.TBi paccMaTpHBaeMBix noneil. 
B nacTHOCTH, ypaBHemia (7.195), (7.196) OKaacyTca iicooxo.thmbimh toubko npn 
BBiBo^e bojihoboto ypaBHeHna sneRTpoMamuTHoro nona. OzjHaKO aJia cnynaa 
oflHHOHHoro .TBnacymeroca 3apa,ia e OTBicxaHHe CKanapHoro noTefflinajia (p 

(7.179) nocpeacTBOM peinemia cncTeMBi ^HfjaJiepeHnHajiBHBix ypaBHeHnil 

(7.180) —(7.182), Boo6me-To, He npeacTaBJiaeTca nenecoo6pa3HBiM, TeM 6onee, 
hto BBipaacemie CKanapHoro noTcniiHana o.THiio'inoro .uBiiacymeroca 3apa,ia e b 
BH zie (p (7.179) HMeeT nocTaTOHiio npocToil bh,t. To ace caMoe m one no CK333TB h 
OTHOCHT eJiBHO BeKTopHoro noTcniiHana A (7.185) o^hhohhoto .TBnacymcroca 
3apa^a e, onpeaenaeMoro cncTeMoil ypaBHeHHH (7.185), (7.186), (7.188), 
(7.189), (7.191). Ho b TaKOM cnynae, 3Haa CKajiapHBiil noTeHUHan cp (7.7.179) 
oflHHOHHoro ,TBH'/Kymcroca aapa/ia e b paccMaTpHBaeMoil TOHKe N npocTpaHCTBa 
B MOMeHT BpeMeHH t, MBI JieTKO MO'/KCM yCTaHOBHTB H 3H3HeHHe BeKTOpHOTO nO- 
TennHana A (7.185) b stoh ace TOHKe npocTBiM cooTHomeHneM 
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A = —cp. (7.215) 

c 

Hcnoni>3ya b ^ajiBHeilmeM y>xe n3BecTHBie 3aBHciiMocTii /pia aneKTpme- 
ckhx E (7.180), E 0 (7.194), E t (7.199) h MarmiTHbix H ± (7.185), H {1 (7.186) 
noneii, noepeziCTBOM toubko oxihoh onepaiiini flHc|x|iepeHiiiipoBaHini nenco on- 
peaenHTB ii caMH sneKTpiiHecKiie E, E 0 , Ej ii MarmiTHbie Hj_, 77j| nonn xtBiincy- 
incroca o.THno'inoro iapa.Ta. Eonee Toro, npiiHiiMan bo BHiiMaHHe npHMcniiMbiii 
b 3JieKTpoflHHaMHKe npiiHiiiin cynepno3Hiiini ana sneRTpiinecKiix h MarHHTHBix 
noneii, mo>kho noKa3aTB, hto nocpencTBOM onepaiiim cyMMiipoBaHini ananoniH- 
Htie peineHini MoryT 6 bitb nonyneHbi ii nRfi hio6oh cho>khoh ciicTeMbi flBHiacy- 
miixcn sapanoB Xe,. TaKiivi o6pa30M, KaK /pin oahhohhoto .TBiivKymcroca lapuna 
e, Tax n am nioooii ciicTeMti .tbhvkviuhxch lapunoB Xe, nonynHTb peineHiui /in a 
Bcex TiinoB 3JieKTpnnecKHx ii viarimTiiBix noneii OKaibiBacTca bo3mo>khbim ii 6e3 
peineHiui cncTeMti ^injnjiepeHiiHanBHBix ypaBHeHini (7.180)—(7.182) h (7.185), 
(7.186), (7.188), (7.189), (7.191). Ho Tor.ua B03HiiKaeT Bonpoc: b hcm, co6cTBeH- 
ho, iicimocTB 3 thx ypaBHeHini, ecnn hx movkiio npocTO o6ohth h BBi6paTB 6onee 
npocToii nyTB /pin ycTaHOBneHiin Bcex bh.tob noneii /iBiivKymerocfl lapa/ia? A 
neHHOCTB hx OKaiBiBacTCH b tom, hto OHii rioiBonHioT ot /iiiCKpeTiioro pacnpe- 
nencniiyi lapa/ioB e, h tokob e,v, b o6i>eMe V nepenni, b HeKOTopon cTeneHn, k 
3KBiiBaneHTHOMy hm HenpeptiBHOMy pacnpcncncnmo lapa/ioB p5 V h tokob j85 b 
3tom >Ke o6i>eMe. npii paccMOTpeHim MaKpocKomiHecKiix o6i>eMOB b jtom cny- 
nae BecBMa cnovKiioc cyMMiipoBaHiie mo^kct 6bitb 3aMeHeHo y*e 6onee npocTtiM 
HHTerpiipoBaHneM, hto 3HaHHTenbHO ooncr'iacT oTbicKaHne sneKTpiiHecKiix ii 
MamiiTHBix noneii chctcmbi /iBiivKyirnixca sapanoB. OnnaKo cnc/iycT oTMeniTb, 
hto yKa3aHHbie /loCTomicTBa peanniyiOTCH TonbKO b tom cnynae, ecnn sneKTpii- 
necKiie h MamiiTHBie nonn ciicTeMbi uBiincynpixcji lapunoB Xe, OTBicKiiBaioTcsi 
Ha paccTosniiiax R, 3HaHHTenBHO npeBBiinaiomnx cpcnncc paccTonmie A r vtcvKny 
OTflentHbiMH iapjinaMH ciicTeMbi (Ar « R ), h npii ncnonb30BaHiin sthx ypaBHe¬ 
Hini He OTBicKHBaioTCfl TaKHe xapaKTepiicTHKii noneii, KaK hx sncpriia BHe h 
BH yTpii oOTCNia V. OrpaHHHeHHocTb npcncTaBneniiii o HenpepbiBHOM pacnpcnc- 
neHim lapn/ioB h tokob b nannoM cnynae nponBnneTcn b tom, hto sth npcncTaB- 
ncniiyi npiiBOHHT k BectMa 3aMeTHbiM oinn6oHHbiM peiynbTaTaM (cm. II nacTb 
nannoii khhth), h6o b n c ii ctbhT en biiocth HHKaKoii nonHon SKBiiBanciiTnocTii 
Mcncny micKpcTiiBiM n HenpepbiBHbiM pacnpcncncnHCM lapanoB b o6teMe V He 
cymecTByeT h He MoixeT cymecTBOBaTb. YKa3aHHbiii <J)opManH3M /pic|x|)epeHiiii- 
antHBix ypaBHeHini (7.180)-(7.182), (7.185), (7.186), (7.188), (7.189), (7.191) 
npiiMemiM TonbKO numb npii onpeneneHHbix .nonymemnix Ha tohhoctb onpe/je- 
ncniiyi napaMeTpoB noneii b npcncnax orpaHHHeHHbix paccTonHini. npii nepexo- 
,tc 5Ke k MantiM paccTonHiniM h k OT/icnbiibiM lapa/iaM b paccMaTpHBaeMbix 
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ZIHfJxJiepeHUHaiiBHBix ypaBHemmx npiixoTiHTcn npuderaTB k pa3Horo po^a MaTe- 
MaTHHeCKHM yXHmpCHHHM. O.TIIHM H3 T3KHX yXIimpeHHH ABJIfleTCfl HCnOBBBOBa¬ 
ll HC omtb >Ke (JiopMajibHoro no cymecTBy Mera^a 5-<J)yHKUHH p = e5(r - r 0 ), 
KOToptin no3BonaeT ot ncnpcpBiBiioro pacnpeaenemui iapn/ioB no o6beMy V 
ncpciiTH k zipyron, He MeHee a6cTpaKTHon, KpanHocTii - TO'ic'inoviy pacnpcnc- 
jieHHio iapfl/ioB b 3tom oobcmc. Ilepexoji k TO'ic'inoviy pacnpc/iencnHio iiia'in- 
TeJiBHO pacimipneT odnacTB npuMeHUMOCTn yica3aHHBix ziH(J)(J)epeHnHain>Hi>ix 
ypaBHemin, oniraxo Ha ManBix paccTommnx ot iapn.TOB stot mctoh np hbotiht k 
aocyp.TiiBiM BBiBopavi o Gcckoiichiiocth 3HaneHHH noTeHiinanoB 9, A n nonen E, 
E 0 , E, , Hj_, // n nx SHeprnn, hto He eooTBeTCTByeT ^chctbutc-Bbiiocth. E.thii- 
CTBeHHBiH cnoco6 H36e>KaTi> sthx occKoncnnocTcii - jto c rioviomBio d-c|)yiiKHHH 
ncpciiTH ot niiTcrpupoBannyi no oObcviy V k oOBi'nioviy cyMMiipoBaHHio, nono- 
)KHB npn 3TOM paiMCpBI japfl/lOB KOHCIIIBIMH. /JpyTHMH CJI0B3MH, BCpiiyTBCH K 
TOMy MeTOZiy, B KOTOpOM M05KH0 HCKJTfOHHTb HCn0JIB30BaHHe AH^^epeHLinajIb- 

hbix ypaBHemra (7.180)—(7.182) h (7.185), (7.186), (7.188), (7.189), (7.191). 

BblBOAbl 

B saKnioHciiHe cnc/iycT otmcthtb, hto ncnocpcncTBcnnoc pemeHne chctc- 
mbi ypaBHeHnii MaKCBenna b npemieii hx 3anHCH 



c 


nepe3 o.tiio pa.THanBiroc vianiHTiioc none II /urn cnynaa onnuo'inoro /iBH/Kymc- 
rocn iapa.Ta e (bhc chctcmbi), KaK H3BecTHO, naTajiKMBacTcn Ha ncnpeononHMyio 
TpyflHOCTB HMeHHO H3-3a TOTO, HTO 7IJIH OflHHOHHOTO 71BH>KVHICTOC(BHe CHCTe- 
mbi) 3apn7ia e nonoKHTB div j = 0 npuHnunnajiBHO HeB03M0)KH0 [11]. B cboio 
OHepe/jB, 3to eooTBeTCTByeT TOMy, hto ncnB3n nojio>KHTB n div A = 0, a, CIIC/IO- 
BaTeJiBHO, HeB03M0>KH0 nojiyHHTB n ypaBHeHini IlyaccoHa - kohchhoh ncim Bcex 
3thx yxiimpemiii, npiiMcnncMBix b H3BecTHBix MCTonax. llpc/naracMBic >Ke cnc- 
TeMBi ypaBHeHnii (7.8), (7.9), (7.16)—(7.18) nonHocTBio jinmeHBi sthx He,nocTaT- 
kob h He Tpe6yioT naxo.THTB KaKnc-To ycpc/incniiBic h, c (j)H3HHecKOH tohkh 
3pem la, BecBMa oTBneneHHBie cpcnunc iuiothocth Toxa j b cucTeMe, aim koto- 
pBIX C COMHHTeilBHOH .TOCTOBCpilOCTBIO M05KH0 nOJIO)KHTB div j = 0 H div A = 0. 
Eonee toto, b npe,miaraeMoii cucTeMe ypaBHeHnii (7.8), (7.9), (7.16)—(7.18) bbo- 
Tihmoc ypaBHeHHe 

div A = H^0 

nrpaeT ponB y>Ke He Kaicoro-To .nononmiTeJiBHoro cjjopMajiBHoro ycnoBHn, Heo6- 
xoflHMoro tojibko jiHHiB /pin ynpomemin ypaBHemin h nonyHemin H3 Hero ypaB- 
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Hernia IlyaccoHa, KaK 3 to 6 trao pani>rnc, a OTpaacaeT co6oh peantHOCTt cyiqecT- 
B0B3HH3 eme oanoro HeH3BecTHoro paHee b HayKe Tuna Mann-mioro noan - aic- 
cnajiBHoro CKaanpHoro MarmiTHoro nona H\\ aBiiacymeroca 3apaaa e, KOTopoe 
Tpe6yeT an ia cBoero BbipaiKemia h cooTBeTCTByiomero ainjxjiepeHHHajibHoro 
ypaBHeHiM (7.18) b Biiae 

471 

-grad//■„ = — j CM , 
c 


JlHTepaTypa 

1. HiiKOJiaeB r.B. Tokh CMeiqeqna h paaqanbqoe MaranTHoe none nsnacymerocfl 3apa- 
m. I. Tien, b BHHHTH, per. Ns 3487-78, (P5 K<Dh3. 1979, 3E79). 

2. HnKOJiaeB T.B. Tokh CMeiqeqna n paananbHoe Maranmoe none nnqenqoro TOKa. II. 
Hen. b BHHHTH, per. Ns 3488-78, (P'/KTnn. 1979, 3E80). 

3. HnKOJiaeB T.B. Tokh CMeiqeqna n aKcnajibHoe MamiiTHoe none aBKKyiqeroca 3apa- 
aa. III. Hen. b BHHHTH, per. Ns 591-79, (En6n. yKa3. «fl,en. pyKonncn», Ns 5(91), 
1979, N 310). 

4. HnKonaeB T.B. 06ocHOBanne peanbHOCTH cymecTBOBanna aKcnanbHoro MarnnTHoro 
nona aenacymeroca 3apaaa. IV. H en - B BHHHTH, per. Ns 528-79, (En6n. yKa3. 
«H,en. pyKonncn», N 5(91), 1979, N 442). 

5. TaMM H.E. Ochobbi Teopnn sneKTpnqecTBa. - M.: HayKa, 1976. 

6. napcenn 3. 3neKTpnnecTBO n MaraeTH3M. T. 2. - M.: HayKa, 1971. 

7. iPcnHMaH P., JleiiTOH P., C3Hac M. cPeHHMaHOBCKne neKiinn no 4>H3HKe. Kh. 5, 6. - 
M.: Mnp, 1977. 

8. KananiHHKOB C.T. 3neKTpnnecTB0. - M.: H3a-BO TTJI, 1956. 

9. HHpayc)) E.A. 3neKTpnnecTBO n MameTH3M. - M.-JT: H3a-BO TTJI, 1950. 

10. HnKonaeB T.B., OKynoB E.B. 06 nnepqHOHHbix CBoncTBax 3neKTpoHOB. H en - B 
BHHHTH, per. Ns 4399-77, (P5 K<Dh3. 1978, 6E151). 

11. KoMnaHeeq A.C. TeopemnecKaa 4>H3HKa. - M.: H3a-BO TTJI, 1957. 




TnaBa 8. CiiCTeMa ypaBHeHHH rjisi rpa/iHcimiwx ajieKTpiiHecKiix 
_ noneft nBHacvmerocfl 3apana _ 


471 


TjiaBa 8. CHCTeMa ypaBHeHHH ajia rpaaneHTHbix 3JieKTpHiecKHX 

noJieH aBHacymerocH 3apaaa 
(1980 r.) 


1. BbiBoa ypaBHeHHH a-ua rpaaneHTHbix 3JieKTpHiecKHx noaeii 
aBHacymerocH sapsiia 


BbiraimeM chctcmm ypaBHeHHH h hx panama rjw aneRTpunecKiix h Mar- 
HHTHbix noncii paBHOMepHO aniivKymcrocH 3apaaa e. J\jih aneRTpunecKoro Kyao- 
HOBCKoro nona e arm'/Kymcroai co CKopocTwo v « c 3apaaa e modkho 3amicaTi> 


CL 

II 

W 

*3 

(8.1) 

rot E = 0, 

(8.2) 

CL 

K 

II 

9- 

< 

(8.3) 

II 

9- 

(8.4) 

grad cp = R(t). 

T>$ U\ 

(8.5) 


aeyx TiinoB MarHHTHBix none it H h // h nnyx ranoB BiixpeBBix 'incKTpH'ie- 
ckhx nonefi E 0 1 E| (cm. rnaBy 7 aaHHOH KHiini) ypaBHefflia h hx peuieHiui 6 y- 
ayT HMCTb BHa 


div Hi = 0, 

(8.6) 

,. 4a . 4a ... 

rot Hi =—j CM +—j CM , 
c c 

(8.7) 

4ti 

- grad//,, =—j CM , 
c 

(8.8) 

1 5E ev 

J CM . ~ ’ J CM J a ’ 

471 dt 4nR 3 

(8.9) 



n 

CM ’ 


( 8 . 10 ) 
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A = 


ev 

cR(t) ’ 


( 8 . 11 ) 


H ± = rot A = ——r[v x R], 

cR 3 


( 8 . 12 ) 


H, = -div A = -^-(v • R) > 

11 cR 3 


1 dA _ 

-4--= 0 , 

cR dt 

c dt 

1 dA 

ev cos (p 

c dr 

c 2 R 2 


(8.13) 

(8.14) 

(8.15) 


H 3 (jtopMti 3anncn ypaBHemiH (8.5), (8.12), (8.13), (8.14), (8.15) BH 3 H 0 , hto 
(JiyHKUHOHajIBHBie 33BHCHMOCTH KaK RJIfL 33eKTpHHeCKHX E, E 0 , E], TaK H 333 
MarmiTHBix H x , H\\ nonefi 3 BH)Kymeroca 3apa3a e ycT3HaB3HBai0Tcn Henocpett- 
CTBOHHO 'icpci CKajinpHBIH <p(r,t) H3H BOKTOpHBIH A(r',t) nOTOHUHajIBI KaKOH- 
hh6o no it c/iHiicTBeimoH onepani-iH 3 h (|k|) c p c n 11 h p o b a n h si. A Tax KaK K03Hne- 
ctbo TaKHX oncpam-m orpaiiHHcno, to, b o 6 meM, Bcer^a HMeeTCJi bo3mo>khoctb 
npOBepHTB npHMOHHMOCTB KHKOH-HHOO C3C3yiOIHCH oncpamw 33 a 0npC3C3eilHa 
B03M05KH0CTH CymeCTBOBaHHJI 3 p>THX IIOBBIX n03CH. TeM OOJTCC, HTO MHOTHe 
oncpaimn OKaiBiBaioTCH y*e Hcno3B30BaHHBiMH. HanpuMep, Bi.innincvf B03- 
MO>KHBie onepauHH 3 H(J)(J)epeHUHpoBaHHJi 33 a CKa3apHoro cp(r,t) (8.4) h 
BeKTOpHOTO A(r',t) (8.11) n0TCIIHHa30B B UH3HH3pHHeCK0H CHCTeMe K 00 p 3 HHaT 


( Sep') f ckp^) 

grad cp = — r 0 + — x 0 = E, 

V dr J \dx J 

(8.16) 

dtp dq>(t) dcp(r(t)) 

dt dt dt 

(8.17) 

H 

3= 

II 

0 

9- 

Si* 8 

1 

11 

< 

2 

(8.18) 

dA 

“divA = —- = H > 

Sc 11 

(8.19) 

dA dA(t) dA(r(t)) 

dt dt dt 

(8.20) 




TnaBa 8. CiicTeMa ypaniFcii hh /ihh rpa/iHcimiBix onetcTpiiHecKiix 
_ nonen nBi-DKvmerocfl 3ap.gna _ 


473 


H3 ( 8 . 18 ), ( 8 . 19 ) bhziho, hto nacTHBie npoii3BO,HHi>ie no KoopziHHaTaM r n x BeK- 
TopHoro noTeHunajia A He BBi6npaioT eme Bcex bo3mo>khbix KOMOHiiannil rpa- 
ZjneHTOB (d'A/dr) n ( dAJdx ) c eztHHHHHtiMH BeKTopaMH r 0 , (po, x 0 . B HacTHOCTH, 
ecnn Him CKanapa | A| = A* BeKTopHoro noTeHimajia A 3anncaTB 

f 8A r ) fdA r ^ 


grad A = 


dr 


r n + 


V dx j 


L 0 ’ 


( 8 . 21 ) 


v w y 

to o 6 Hapy>KHBaeM, hto H 3 MeHeHne CKajiapa no nanpaBncnnio c/inni-i'niBix bck- 
TopoB r 0 , x 0 Taiorce o 6 Hapy>KHBaioT cbohctbo rpa.THciiTiiBix nonen n npenciaB- 
nrnoT codon He paBiiBic nymo BCKTopiibie BennHHHBi. Hanpnviep, paccMOTpuM, 
Kax H 3 MeHmoTcn KOMnoHeHTBi rpajineHTa \{dAJdr)r 0 \ = ( dAJdr ) n \{dAJdx)x 0 \ = 
{dAJdx) no HanpaBJiemiJiM, nepneHflHKynapHBiM hcxozihbim HanpaBnemuiM, T.e. 

r 8AA (dA^ 


grad'A = 


v Sr j 


v dx j 


( 8 . 22 ) 


3 Hax niTpnx y rpa/iHciiTa eooTBeTCTByeT oncpannn oopamcnnsi CHHinnniBix bck- 
TopoB r 0 n x 0 b ( 8 . 21 ). 3 annmeM ( 8 . 21 ), ( 8 . 22 ) b Bmie neTBipex rpa/tneHTOB 


grad v |A| = 
grad,. |A| = 
grad( v |A| = 
grad'. |a| = 


S4 

dx 

dA* 

dr 


dA* 

dx 


v 

"dA* 
v dr 


L o ’ 


0 ’ 


0 ’ 


( 8 . 23 ) 

( 8 . 24 ) 

( 8 . 25 ) 

( 8 . 26 ) 


Eme ozma KOMnoHeHTa ( dAJdx){$o , cxo>Kaa c KOMnoHeHTon {dAJdr)i p 0 
(8.18), oy.TCT paccMOTpeHa oTjjenBHo. TaKHM o6pa30M, HepaccMOTpeHHBiMH 
onepamMMH ^H(j)(J)epeHUHpoBaHiM ocTatoTcn onepannn (8.17), (8.23)-(8.26). 

PaccMOTpuM CHanana nacTHBie npoi-nBomiBie CKannpHoro noTcnimana 
(p(r,l) ( 17 ). ^lacTHaji npon3BOxman no BpeMemi paBHa 


3cp _ d ( e \ _ 1 de _ i 
dt ~ dt\Rj~ R dt~ R’ 


( 8 . 27 ) 
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opiraKO CKa3aTB hto-ph6o onpepcncimoe 06 stom BBipanceHHH 'iaTpypnHTCPBHO. 
Hto nee KacacTca BTopon nacTHOH npoi-riBopnoH (8.17), to OHa pacT 

dep(r(?)) _ . g rac j)cp = v(grad (p) = -(v • E), (8.28) 

dt 

hjih, yMHoneaa neByio h npaByio nacTH Ha 1/c, dypeM HMeTB 

_I|P = 1( V . E ) = // (8.29) 

c dt c 

HTO 3KBHBajieHTHO (8.13). H3 COBMeCTHOTO paCCMOTpeHHJI (8.13) H (8.29) MWKOT 
6 bitb 3anncaHO h3bocthoo to'/Kpcctbo 


-divA^//,, ; (8.30) 

c dt 

KOTopoe HMcnycTCH yenoBHeM KanndpoBKH JIopeHipa [1,2]. KaK h3boctho, ycno- 
BHe KanHOporsKH JlopeHiia, ianncBiBacMoe b bh.tc 

div A = —— 
c dt 

h HMeiomee raydoKHH c[)H3HHecKHH cmbich (8.13), (8.29), (8.30), HcnonB3yeTCJi b 

SJieKTpOflHHaMHKe BCerO JIHIIIB KaK pOnOHHHTenBHOe yCHOBHe, epHHCTBeHHBIH 
cmbich KOToporo - ynpocTHTB vpaBiicniisi ho t3koh CTeneHH, hto6bi mo>kho 6bi- 
no nojiyniiTB H3 Hero BOHHOBoe ypaBHeHHe [3, 4]. Eojiee toto, b hckotopbix pa- 
6oTax [5, 6 h pp. | ycnoBHe (8.30) BBinucBiBaeTCH panee b bh.tc ypaBHcnup 

divA-—— = 0 , (8.31) 

c dt 

H TeM CaMBIM HCKyCCTBeHHO ynH'ITOVKaCTCSI Bee (])H3HHeCKOe COTCpVKailHC HJieHOB 
(8.13), (8.29) 3TOTO ypaBIICHHT. OTHOBpCMCimO 3THM CaMBIM HCKHIOHaCTCH H 
caMa bo3mo>khoctb cymecTBOBannsi y TBH'/Kymcrocsi 3apapa aKcnajiBHoro CKa- 
napHoro MarHHTHoro noun ll v B KaKOH-TO CTcncnn ycnoBHe JIopeHua (8.30), 
(8.31), B03MTOKHO, CBirpajIO CBOIO OTpHIiaTeJIBHyK) pOHB B (|)H3HKe, HTO y flBH- 
neymeroca 3apapa 6 bijio noTcpsnio eme o.tho npucymee eMy \ianiHTiioc none. 

TaKHM o6pa30M, a nan Hi nacTHBix npoHiBOTHBix ot CKanapHoro noTcnnuaTa 
(p (8.17) no3BOJi3eT bhobb ydepHTBca b tom, hto aKcnajiBHoe MamiiTHoe none /7 
npepcTaBnucT codon onpepcncimyio c|}H3HHecKyio peanBHOCTB n hto ypaBHeHHe 
(8.29), aHanorHHHO KaK h ypaBHemia (8.5), (8.12)—(8.15), nocpepcTBOM othoh 
oncpaiiHH TH(|)(|)cpcnnHpoBanHT bhobb onpcpcpucT co6oh none 3apapa. B 03 - 
mo)khoctb onpcpcnciiHP opuoro h toto nee nona H\\ (8.29) nocpcpcTBOM eme 
ophoh onepauHH pHfjxjiepeHHHpoBaHHa (8.13) roBopiiT phiub o6 o6hihocth Ma 




TnaBa 8. CiicTeMa ypaBiFcii hh /urn rpa/iHcimiBix ojieKTpiiHecKHX 
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TeMaTHHeCKHX NT CTO,TO B. Mo>kho nOKa3aTi>, HTO KaK OnCpaHHH .1IT(|)(|)cpCIInHpo- 

BafflM div A (8.13), Tax h onepamM ^H(J)(J)epeHUHpoBaHHJi (v • grad) <p (8.28) 

coziepmiT ozihh h tot *e rpa^neHT (jjyHKUHH 0(1 /R)/dx h, BnonHe ecTecTBeHHo, 

HTO, IIO;io6paB COOTBeTCTByiOmHH K03(j)(J)HUHeHT (1/c), MO)KHO nOJiyHHTB OflHHa- 

KOBBIH pCay.ribTaT .TJIfl (8.13), (8.29). H3 061HHOCTH MaTeMaTHHeCKHX MCTO.TOB 

CJIC/iyCT OOpaTHTB BHHMaHHe Ha TOT (jjaKT, HTO O.THII H TOT )Ke rpa/IHCIIT HJIH O/I- 

Ha h Ta >Ke Hacraaji npoH3BOflHaji (0<p/0x) KaK CKajwpHoro <p, TaK h BeKTopHoro A 

nojia onpeaenaeT ozihh h tot >Ke ran nona. CKamipHoro noTeHunana (p hbu- 

>Kymeroca 3apH^a e b Btipa>KeHHH (8.28) He paBHtiM Hynio rpaztneHTOM (JjyHKijHH 

(p HBJiaeTCJi tojibko KOMnoHeHTa ero (0<p/0x)xo, oxmaKo, Boo6me-To, h npyran 

Hacraaa npoH3BOZ(Haa (0cp/0r) cjjyHKijHH (p npn £BH)KeHHH 3apji,na e no och x (b 

HHJiHHxipHHecKOH cHCTeMe Koop.THiiaT) T3K)Ke He paBHa Hynio. Ecjih RJIfL HaCTHOH 

npOH3BOZ(HOH (8.28), KOTOpyiO MO)KHO 3anHCaTL> B BH.TC 

0(p 0(p 

— = v —Xn 

dt dx 




(8.32) 


npn Hen3MeHHOM HanpaBJieHHH BeKTopa cKopocra v h cni-mn'inoro BeKTopa x 0 , 
3aMeHHTB rpazineHT (dip/dx) Ha (0cp/0r) 


,, | dtp , 

v-grad ( . <p = v — x 0 , 

or 


(8.33) 


TO M05KH0 06 Hapy>KHTI> 


-grad;. cp = — ( 6S1 ” (P ]x 0 = - (vE sincp) = |H 
R 2 J c 


(8.34) 


ryie (p - yroii Me>K/iy BeKTopaMH v h R. To ecra, onjira >Ke, BBipa>KeHHe (8.34) (no 
Monynio) eooTBeTCTByeT y>Ke nan/icnnoMy nocpe.TCTBovi npyroil onepannn 
Z(H(|Kj)epeHHHpoBaHH>i Btipa>KeHHio H ± (8.12). IIonBJieHHe Moztyna b (8.34) orpa- 
>KaeT co6oil cjjopMajitHtiH xapaKTep nanpaBJicnnsT BeKTopa Mamuraoro non ft H . 
H 3 npoBe^eHHon onepaunn nepecTaHOBKH rpa,HHeHTOB (0cp/0x) h (dip/dr) Heno- 
cpe.TCTBcnno cnc/iycT, hto nonyHcnnoc TaKHM o6pa30M BbipaaceHne (8.34) TaK- 
*e eooTBeTCTByeT peajiBHOMy rpa/jneHTHOMy norno, ho y*e apyroro rana. J\jul 
HarcumHoro npeziCTaBneHini cymHocra nepecTaHOBKH, 3annnieM (8.29) h (8.34) b 

CHMMeTpHHHOM BH.TC 

-grad x (p = -f^lx 0 =H V (8.35) 

c c \ or J 

-grad;. (p = -f^Jx 0 =|H ± |. (8.36) 

c c \ or J 
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H3 ( 8 . 35 ), ( 8 . 36 ) bhxiho, hto ajih npupoxiBi ozjhoto hjih zipyroro Tuna MarHHT- 
hbix noncii ocHOBHoe aiiaHciiHC HMeeT, KaKaa nacTHaji npoi-nBOTurasi no xoop.w- 
HaTe npHHHMaeTCJi bo BHHMaHHe. OcTacTca HenoHJiTHOH tojibko B 3 aHMOCBH 3 B 
BOKTOpOB V, X 0 H HaCTHBIX npOH iBO.THBIX MC'/K/iy C060H. 


2. Mai HHiHBie BsaHMo/ieiiciBHii b rpa/meHiHBix r )jieKi pn , iecKnx nojiax 


flira Hccne/iOBaHHJi rpaxineHTHBix nonefi (8.23)-(8.26) ot BeKTopHoro no- 
TeHunajia |A| BBinumeM 3HaneHHJi KOMnoHeHT BeKTopHoro noTeHunajia A (8.11) 


A x = — , 
x cR 

A r = 0, 
A m = 0 


( 8 . 37 ) 

( 8 . 38 ) 

( 8 . 39 ) 


h no/icTaHOBKOH hx b ( 8 . 23 )-( 8 . 26 ) y 6 eziHMCH, hto nojiynaeMBie BBipa>KeHHJi He 
paBHBi Hynio: 


grad v |A| 
grad ( . |a| 

grad^A] 

grad'. |a| 


dA x 

dx 

f dA, 

dr 


SA, 

dx 

dr 


ev cos cp 
cR 2 


l o > 


evsm cp _ 

cR 2 


l 0’ 


ev cos cp 
cR 2 


*o > 


ev sin tp 
cR 2 


‘ o> 


( 8 . 40 ) 

( 8 . 41 ) 

( 8 . 42 ) 

( 8 . 43 ) 


r^e (p - yron Moxay HanpaBJieHHeM cxihhhhhoto BeKTopa x 0 h pajjnycoM- 
BeKTopoM R. H3 conocTaBneHiM BBipa>xeHHH ( 8 . 40 )-( 8 . 43 ) yooKpaeMcs b tom, 
hto no cBoeMy BH.iy ohh He noxomi apyr Ha npyra. O.inaxo H 3 oniioro bitth 

3 THX BBipa>KeHHH Tpy.THO CKa 3 aTB HTO-HH60 OnpC.TCHCIlIIOC O KOHKpeTHOH (|)H 3 H- 
HeCKOH CymHOCTH HX. EflHHCTBCHHO, HTO MO)KHO CKa 3 aTB 06 3 THX nOJMX, TaK 3 TO 
TO, HTO eCJIH OHH peajIBHO CymeCTByiOT, TO OHH .HOJDXHBI, OHCBH/UIO, K 3 KHM-T 0 
o 6 pa 30 M npOSBHTBCH BO B 3 3 HMO/ICHCTBHSX .TBH'/K'VIHHXCS iapS.TOB. 

IloziBeprHeM nccne/iOBaHHio cjDyHXUHOHajiBHyio 3aBHCHMOCTB Aim nonHOH 
pe3yHBTHpyK>meH CHJIBI B3aHMO,HeHCTBHJI MOXJiy .UBIDXymHMHCJI CO CKOpOCTOMH 
Vi h v 2 saps/uiMH e\ h e 2 , xoTopaa 3anHCBiBaeTCJi b bh/ic [ 5 ] 
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F 0 - E t e 2 + ^[v 2 x H ±1 ] + — (v 2 •//„,). (8.44) 

c c 

nepBBifi hjicii cnpaBa OTpa>KaeT o obi hi roc KynoHOBCKoe b a a h m 03 c ii c t r h c \fc>K 3 y 
3 apaj(aMH e, h e 2 h MO>KeT oritb hckhiohcii H 3 paccMOTpemia. ITpuHUMaa bo 
BHHM aHHe (8.12), (8.13), nepemimeM (8.44) 


F = _ tS "[ v 2 x t v i x R ]] + -rry{v 2 -(v, -R)}. (8.45) 

c'R c R 

McKHIOHaH H 3 (8.45) ,3 BO i'll IOC BeKTOpHOe npOH 3 BC 3 CIIHC 

[v 2 x [v, x R]] = {vj • (v 2 • R)} - {R • (v 2 • Vi)}, 

Aim (8.45) mo>kho 3 anHcaTi> 


F = 


e 2^l 

c 2 R 2 


{vj -(v 2 •R)}+—^V{v 2 ■ (V] • R)}- —p-y {R • (v 2 • V!)}. (8.46) 


e 2 e l 


c 2 R 3 


c 2 R 3 


FIpcanoaovKHM, hto 3 ap>i 3 e 2 naxo.BHTCH Ha 
paccTOJiHHH R ot aapspBa e\ h .bbhvkctch na- 
pamienBHO c hum no och x c oflHHaicoBOH 
CKOPOCTMO Vi = V 2 = V (pHC. 43). B 3 TOM 
CJiynae, yHHTtiBaa cos <pi — — cos (180° - <p 2 ), 
rjisl CKanapHoro npoH 3 BC 3 cnnsi b nepBOM h 
bo BTopoM HJieHe (8.46) mo>kho 3 anncaTb 



F -_ e 2 e l 

3? 


{v, ■ (v 2 • R)}— 


^2^1 
c 2 R 3 


{vj -(v 2 -R)} 


e 2 e l 

c 2 R 3 


{R'( v 2 •v 1 )}.(8.47) 


OKOHHaTejibHO jinn MarHHTHoro B3aHMO^encTBHH jiByx £BH)KymHxc5i napan- 
JieJIbHO C O/JHHaKOBbIMH CKOpOCTflMH 3ap5moB e\ H 6?2 ycTaHaBJiHBaeM 


F' = -^V{ r -(v 2 -v 1 )}. (8.48) 

c~R 

Bfinay napamienBHOCTH hbhvkciihh h o 3 h i i a k o bo c t m cKopocTeil Vi = v 2 = v, 32M 
(8.48) mo>kho eme 3 anHcaTt 

F ' = - e 2 g i v R, (8.49) 

cR 3 


H 3 (|)ynKHHOiia3Biioil 3aBHCHMOCTH (8.49) bh.tiio, hto Ha hch 3 mchhom paccTOS- 
hhh R ot . 3 BH'/Kymcrocfl iapana e\ hjih, apyrnMH cnoBaMH, Ha paccToaimn R b 
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cucTeMe KoopamiaT K, CBH'iannoii c aBnacymnMca iapanoM e\, aioooii npoonbiii 
oziHOHMeHHBiH 3apaa e 2 , noKoamniica b cucTeMe K' . ncntiTtiBaeT cnny F' «Mar- 
HHTHoro» npiiTaacemia k 3apaay ei, nanpaBucnnyio no paanycy-BCKTopy R. Oa- 
HaKO, ecnn japan e 2 , naxonsnnniicyi Ha paccTosninn R ot japan a e b aBnacymenca 
cucTeMe Koopni-niaT K' . HcnBiTBiBacT cnny npHTaacemia F' (8.49) co CTopoiibi 
npyroro japana e lr to 3to MoacHo HHTepnpeTiipoBaTB eme KaK cymecTBOBaHne b 
npocTpaHCTBe oicono aBnacymeroca paBHOMepHo n npavion hi ici-in o japana e\ b 
aBnacymenca BMecTe c hum cucTeMe KoopaHHaT K' ojieKTpnnecKoro nona Erp, 
T.e. 


F' = -e, 


e l V T, 

y c 2 R 3 y 


~ e 2®rpl • 


(8.50) 


OcHOBHoe cbohctbo aneKTpHnecKoro non a E rpl (8.50) TaKOBo, hto oho HMeeT 
yKa3aHHyio Bem-ninny 


E 


rpl 


R 3 


(8.51) 


toubko b a Bnacy men ca cucTeMe KoopannaT K', cBajaimoil c caMHM japanovi e\. 
Ilo CBoeMy HanpaBJieHHio aneKTpHnecKoe none E rp i (8.51) coBnaaaeT c icyao- 
hobckhm sjieKTpiiHecKHM noneM E (ho BeKTop nona E rp i HanpaBJieH no paanycy- 
BeKTopy R npoTHBononoacHO BeKTopy nona E), oaHaico no BeanniiHe cymecT- 
BeHHO otjihhho ot Hero. Pa3no>KHM BeKTop 3JieKTpnnecKoro nona E rp i (8.51) Ha 
aBe cocTaBJiaiomne, HanpaBJieHHBie no ocn x n no ocn r 


ejV 2 sintp e 1 v 2 coscp 
E r „, = - - r n r - x f 


''rpl 


2 D 2 

c R 


2 D 2 

c R 


(8.52) 


3. OH3HHecKan cymHOCTb MarHHTHoro B3aiuvioaciicTBiiH flBnacyuiHXCH 

3apH/IOB 

CpaBHHBaa cocTaBnaiomiie aneKTpnnecKoro nona E rpl (8.52) c Btipaace- 
HnaMH (8.40), (8.41), oOHapyacHBaeM onpeaeneHHtie cxoacTBa Meacay hhmh. 
Ecnn b (8.40), (8.41) BBecTH K 03 (j)(J)HnHeHTBi (v/c), rae BBonnMaa cicopocTB v 
napannentHa CKopoera Vj 3 apaaa e\, to ana KOMnoHeHT nona E rp i (8.52) MoacHo 
eme 3 anncaTB 




TnaBa 8. CncTeMa ypaBHemra rpa^HeHTHbix 3JieKTpHHecKHx 


nojieH jBH^cvmeroca 3ap5ma 


a = -gradJA =- 
c 


ve l v l coscp 


, v ve l v l sincp 

b = — grad r A =- — —r 0 , 


HTO IlOJIHOCTBIO 3KBHB3JieHTHO (8.52). TaK KaK B BbipanceHiuix (8.40), (8.41) CKO- 
pocTt Vi npiiHa/inencHT nepBOMy 3apnay e\, to BBOUHMan b (8.53), (8.54) cko- 
pocTt v /(OJDKHa npimannoKaTb BTopoMy 3apnny e 2 , T.e. 


a, = — gradj A = - 


v 2 e 1 v 1 coscp 


v 2 , , v 2 e \ v \ smcp 

b, = —grad r A =- - 11 -r 0 

c c-R- 


B 3anncn (8.55), (8.56) cjiopMynBi npnodpeTaioT y>Ke 3HaHHTeni>HO dontmyio 
o6ihhoctb 11 o6Hapy>KHBaioT ncnocpc/icTBCimyio iarmcHMOCTb noneii a, h I) ot 
KOM noHeHT rpa/ineHTa Moaynn BeKTopHoro noTeminana |A|, hto no3BonneT on- 
peaenHTt nx KaK rpa/uicimibic aneKTpiiHecKne nona aj 11 bi. ®yiiKnnoiianbiibiM 
3aBIICIIMOCTaM JSJIfl rpa/IHCIITIlblX 3J1CKTpHHCCKHX nOHefi 3| H I) JieTKO HaHTH 
TcncpB c|)H3H'iccKyio HiiTcpnpcTaiiHio. KOTopaa laKnionacTca b tom, hto b npo- 
CTpaHCTBe okoho /iBii/Kymeroca co CKopocTBio V\ aapa/ia e\ iiii/iyiuipyiOTca rpa- 
aneHTHBie 3JieKTpnHecKne nonn aj n b; (8.55), (8.56), npupozta KOToptix TaKOBa, 
hto ohh npoaBJiaioT rraiiMO/iciicTBiic c npo6ffl>iM 3apanoM e 2 toubko b tom cny- 
nae, ecnn npo6Hi>ra 3apan e 2 TaK>Ke hbhvkctot napannentHo aapa/iy e\ co CKopo- 
ctbk) v 2 . Ilpn CKopocra v 2 = 0 rpa/iiicimibie nonn a! n b, OKaibinaioTca paBiibiMH 
nymo. Ilpn /ibhvkciihh iapa/ia e 2 b odparaoM iianpaBJicnmi (hjih npn cMeHe 3Ha- 
Ka 3apa/ia e{) 3HaK noneii a] n h MenacTca Ha oopaTiibiii. FIpn'icM no npnpo/ic 
CBoen rpa.THCiiTiibic aneKTpiiHecKiie non a a h h oKaibiBaioTca cymecTBeHHO 
otjihhhbimh /ipyr ot apyra h onpe/ienaioT codon /ib a Tuna rpa/inciiTiibix aneK- 
TpHHecKnx noneii. Otjihhhc 3to laKnionacTca b tom, hto Ha jho6oh npo6HbiH 
3apaa e 2 , aBiDKymnilcn co CKopocTbio v 2 , napannentHoil CKopocra Vi 3apnaa e h h 
naxonniinincn b pacc m aTpnBac mbi ii momcht BpeMeHH t b tohkc N (puc. 44), rpa- 
HHeHTHoe 3JTCKTp iihcckoc none I) ot aapa/ia e oy.TCT nciicTBOBaTb no HanpaB- 
jieHHio, ncpncnnn k ynapno m y CKopocra v 2 .TBii'/Kcima npo6Horo aapa/ia e 2 c cn- 
hoh Fj_, Me>K/iy tcm KaK rpaaneHTHoe aneRTpiinecKoe none aj ot 3apnaa e\ dyaeT 
aciicTBOBaTb Ha stot >Ke npooiibiii japan e 2 no HanpaBneHino ero CKopocra hbh- 
/KeHna v 2 nnn npoTHB c cnnoil Fy. IIpiiHeM pe3ynbTHpyiomaa cnna Fj uchctbim 
3thx nriyx TiinoB rpaanciiTiibix ancKTpii'iccKHx noneii oyncT Bcer/ja HanpaBneHa 
no pa/uiycy k nBiivKymcMvca aapany e nn6o no pamiycy ot Hero. Movkct noKa- 
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Phc. 44 


3aTtca, hto BBe^eHHe b (8.55), (8.56) 
o6fl3aTeni>Horo ycnoBHJi napajinenBHOCTH 
ZIBJDKeHHJi 3ap>moB e\ h e 2 cjihiukom yc- 

JIOBHO, H, C (|)H3H'ICCKOH TO'IKH ipCHHH, 

no/iooiibic orpann'icnna iicooi.acnHMhi. 
O/nraKO, ecnH bhobb oopaTHTBOi k tjjop- 
Myne (8.44), (8.46) rjul noJiHoro Mar- 

HHTHOrO B3 a H NT O /I C M C T B H TIByX .TBH'/Ky- 
IHHXCfl CO GKOpOCTflMH V[ H V 2 Bapfl.TOB e\ 

h e 2 h, c yneTOM (8.50), (8.52)-(8.56), 
nepenucaTt ee b BH^e 


F = 


^1 
c 2 R 3 


•(v 2 -R)}- 


c 2 R } 


{v 2 -(Vj •R)}-e 2 (a 1 +b,), (8.57) 


TO CTaHOBHTCJI HOHJITHblM, HTO eCJIH B nOCJTC/lHCM HJieHe B CKOOKaX CKOpOCTB v' 2 
6yneT He napajuientHa ckopocth vi, T.e. 


(»1 + b i) = -r 1 r{ R -(v 2 -V;)}, 

c'R 3 


(8.58) 


TO H3 CKajiapHOTO npOH3BC,TCIIHa 

(v r 2 • Vi) = v' 2 vi cos y = v 2 V! 

cnc/iycT. hto b rpa/incimiBix 3neKTpnHecKHx noirax ai, h (8.55), (8.56) oy.TCT 
(J)HrypHpoB3TB tojibko KOMnoHeHTa v 2 ckopocth v' 2 , KOTopaa onjiTb ace napajT- 
nenbHa ckopocth vi 3apaxia e\. TaKHM o6pa30M, Bbi6paHHoe ycnoBiie napamienb- 
HOCTH .TBHVKCIlHa 33p?I,TOB 6 \ H e 2 OKaiBIBaCTCH BnOJIHe o6oCHOBaHHbIM, H HMeH- 

ho 6naro/iapa ero yuaeTca BbmeiiHTb z(Ba Tuna rpaziHeHTHbix sjieKTpiiHecKHX 


noneii a 2 , h (8.55), (8.56) b bh.tc c a mocto htcjibiibix sjieKTpiiHecKHx nonen hbh- 
acymeroca 3apa^a e\. 




TnaBa 8. CncTeMa ypaBHemra jinn rpa^HeHTHbix 3JieKTpHHecKHx 
_ noneH jBH^cvineroca 3apana _ 
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4. IIpaKTHHecKHe npHMepbi MarHuraoro B3aHMO^eiiCTBHH b rpa^neHTHbix 

3JieKTpHHeCKHX IIOJIHX 


PaccMOTpHM cjiynaH, Kor/ja npoOHbiH 
3apa^ €2 ^BH^ceTca b rpa/jneHTHbix 3JieKTpH- 
necKHx nonax 3ap*ma e x b HanpaBJieHHH, 
nepneH^HKyjWpHOM K CKOpOCTH £BH)KeHHfl 

3apa^a e x (pnc. 45). JJjui chjibi F! (8.50) 
B3aHMO^eHCTBH^ 3apa/ja e 2 c rpa^HeHTHbiMH 
nojiflMH a h b H3 (8.57), (8.58) Henocpe^CT- 
BeHHO ycTaHaBJiHBaeM 



Fi =e 2 (a, +b) = 0. 


(8.59) 


OTKyxia cne/iyeT 


a = 0, (8.60) 

b = 0. (8.61) 


MtoObi (8.60), (8.61) He BBi 3 tiBa.no comhchiih, 3anHineM (8.55), (8.56), c yneTOM 
(v'| • Vi) = v' 2 Vi cos y = v 2 vi, b BHjie 


e,(v 2 -v,)cos(p 
a, =--—-- x 


c 2 R 3 


o> 


bi = - 


e \ (v 2 • v!) sin (p 


c 2 R 2 


(8.62) 

(8.63) 


TaK KaK npn v' 2 _L Vi HMeeM (v' 2 • Vi) = 0, to mbi bhobb npuxozpiM k (8.60), 
(8.61). Cne/iyeT otmcthtb, hto b cnynae (8.62), (8.63) rjisl aHanorHHHBix rpa/jH- 
eHTHtix ojrcKTpi-iHccKHx nonei! a 2 h b 2 ot .nriH'/KyincrocH napa/ia e 2 b tohkc Haxo- 
vK.neiiHH iapn.na e l 6y,ncM hmctb 


e 2 (vj -v 2 )cos(p' 

a 2 “ 2 9 X 

c 2 R- 


0 J 


(8.64) 


b 2 


e i( v i • v' 2 )sin(p' 


c 2 R 2 


‘o > 


(8.65) 


rne yron (p' h e^HHHHHBie BeKTopti x 0 , r ' 0 paccMaTpHBaioTcn b UHJiHHZipHHecKOH 
CHCTeMe Koop.ni-niaT c ocbk) x', corinanaiomcii c nanpaBJieiiHCM .nBHVKeiiHH iapn.na 
e 2 . O.niiaKO, HecMOTpji Ha to, hto cnna F (8.50), (8.59) B'jaHMO/iciicTBHsi hbh- 
vKyiHcrocn aapn.na e 2 c rparuicimiBiMH ojidCTpiiHecKHMii noroiMH ai it b j napn/ia 
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e\ 0Ka3i>iBaeTca paBHoii Hynio, TeM He MeHee, H3 (8.46), (8.57) ana MarHHTHoro 
B3aHMO/ieHCTBHJI MCVK.iy 3apaaaMH e 2 H <2 1 11 ax 0,3 HM 

F 2 =^y{vi -(V 2 -R)}+^V{v 2 - (Vi -R)} ( 8 . 66 ) 

c R c^R 3 

HJIH 

F 2 = e 2 (B 1 +A 1 ), (8.67) 

rae Aj h B[ - KaKHe-TO yace apyrne rpaaneHTHtie aneicrpHHecKHe nona, ana ko- 
Toptix mo>kho ianncaTb 


Aj 


gi 

c 2 R 3 


{v 2 • (Vj • R)}, 


( 8 . 68 ) 


B i =-^3-{vr(v 2 -R)}. 
c~R 3 


(8.69) 


IIpH ycjioBiin (vi • v 2 ) = 0 cicanapHoe npoi-nBcncnnc BeKTopoB (vi • R) h (v 2 • R), 
b o6meM, MoryT hmctb npoH3BOJH>HBie iiiaHcnna. no3TOMy nepenumeM (8.68), 
(8.69) b Biiae 


Ai -- 


Bi=- 


e \ y 2 y \ COS(p 

c 2 R 2 ’ 

(8.70) 

e \ y \ y 2 s i n( P 

c 2 R 2 

(8.71) 


Bbo^a e^HHHHHBie BeKTOpbi x 0 h i* 0 , rji% (8.70), (8.71) OKOHnaTejibHO 6y^eM 

HMeTB 


A] - 
Bi = 


v 2 e 1 v 1 cos(p 

9 _7 r 0 , 

c 2 R 2 

(8.72) 

v 2 e x v l sirup 

, x 0- 

c~R 2 

(8.73) 


CpaBHHBaa (8.72), (8.73) c (8.42), (8.43), oGHapyacmaeM hx cxoacTBO, Hcnont- 
3ya KOTopoe ana rpa/iHciiTiiwx bjicktph'icckhx noneM Ai h Bi, airanon-i'ino 
(8.53), (8.54), mo>kho 3amicaTi> 
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v 2 ir | A | v 2 e 1 v 1 cos(p 

= grad A = r 0 , 

c c 2 R 2 

(8.74) 

v 9 , , v 9 e,v, sirup 

= grad,.|A = - - 1 , 1 , T x 0 . 

(8.75) 


TaKHM o6pa30M, n apyraa napa rpa/incimibix an c kt p h h cc k nx noaen A b Bi ot- 
pa>KaeT Bnoaiic onpcacacinnac aaKonoMcpnocTH pcaaiaioro aBaeHna b33hmo- 
.nencTBiia aBH/KymHxca sapaaoB. ^aa onpcacacima cbohctb noaen Ai n B ,to- 
nyCTHM, HTO B KaKOH-TO MOMGHT BpeMeHH t yrOJI (p (pHC. 45) OKa3ajICa paBHBIM 
iiyaio. B 3tom caynae b tohkc iiaxovKacima iapa.aa e 2 rpa/iHeimioc aacKTpH'ie- 
CKoe none B! ot aapa.aa e, oKaibiBacTca paBHtiM nyaio, Mcacay TeM KaK rpann- 
eHTHoe aacKTpu'iccKoc none Ai b 3Ton ace tohkc npHHHMaeT MaKCHMaabnoe 
iiiaaciiHC, h Ha am-ivKyinnHca sapa.a e 2 co CToponbi stoto noaa oy/iCT aciicTBO- 
BaTB cnaa 


F 2 ~ e 2^-\ ~ 


e 2 v 2 giVi 

c 2 R 2 


l 0 J 


(8.76) 


iianpaBacni-ic Korapon coBna/iacT c nanpaBaciiHCM .tbh'/Kciihsi sapa.aa e 2 . Yhhth- 
Baa. hto eawHHHHbiH BeKTop r 0 npoTHBonoaovKcn nanpaBacimio ckopocth v 2 
aBnacemia 3apaaa e% jsjia (8.76) mo>kho eme 3anHcaTb 


F 2 - e 2 ^\ 



— (v 2 -//|n). 


(8.77) 


CpaBHHBaa (8.43) c (8.77), ycTaHaBJiHBaeM, hto rpaaneHTHoe saeKTpHHecicoe 
none Ai noanocTiao oDycnoBai-macT codon b 3an mo/i encTB He sapaaa e 2 co CKa- 
aapHbiM aKcnaatHbiM MarmiTHbiM noaeM H\\\ (8.13) .aBnacyineroca 3apaaa e\, h 
H anpaBaeHHe aciicTBua cnabi F 2 coBna/iacT c HanpaBaeHHeM pibhvkciihh sapaaa 
e 2 . CaeaoBaTeabHo, rpaptneHTHoe aaeKTpiiHecKoe noae Aj no cbohm CBOHCTBaM 
cxoace c rpaanciiTiibiM one kt p n h c c k n m noaeM a,, h o6a 3 thx aacKTpa'iccKHX 
noaa a b Ai o6pa3yiOT napy rpaaneHTHbix noaen ozihoh npnpoabi. AHaaornHHbie 
paccyvKacnna. npn aonyincnnn cp = 90°, noKaibiBaioT, hto rpa/iHeimioc aaeK- 
TpunecKoe noae B] no cbohm CBOHCTBaM exoace c rpaanciiTiibiM 3acKTpn hcckhm 
noaeM bi, n aencTBne stoto noaa Ha aBnacymnnca 3apaa e\ C03aaeT cnay F' 2 , 
KOTopaa ncpncnaiiKyaapna k ckopocth aBnaccima aapaaa e 2 . CacaoBaTcaiaio. 
o6a 3 thx rpaanciiTiibix aacKTpu'iccKHx noaa bj n B! o6pa3yioT apyryio napy 
rpaanciiTiibix jaeKTpHHecKHx noaen, no npupoac cBoen oTan'inyio ot nepBon 
napbi noaen aj hAj. 
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TaKHM o6pa30M, H3 paccMOTpeHHoro cnc/iycT. hto Bee 'icTBipc Tuna rpa/u-i- 
eHTHtix 'incKTpH'iccKHX nonei! ai, Ai, bB| cnocooiiBi npoflBjiflTbCfl b OT/jent- 
HOCTH, HTO nO,3HCpKHBaCT HX HGKOTOpyiO ODOCODJICIIIIOCTB. fl,JM HJIJIIOCTpaHHH 
CKa3aHHoro npiiBezieM hgckojibko nojicHjnomHX pucyHKOB. HanpiiMep, b cnynae, 
npuBe/ieHHOM Ha puc. 46, jsjisi rpa/incimiBix bjicktphhcckhx noneii bi, A b Bi 
HMeeM 


b, =0 
A! =0., 
B, =0 


(8.78) 


h Ha /iBttHcymHHCfl iapa.i e 2 6y/iCT /iciicTBOBaTB tojibko rpa/iHeimioc aneRTpune- 
CKoe none a b T.e. 

F'j = e 2 a l ± 0. (8.79) 


-*o- 


J_ l ^ Ax 


Phc. 46 




-©• 


Phc. 47 


/JJia cnynaa, npc.icTaBJicimoro Ha puc. 47, eooTBeTCTBeHHO 6y/ic\i hmctb 


aj = 0 

A[ = 0 
B, =0 


(8.80) 


a TaioKe 

F" 1 = e 2 b 1 ?0. 

AHanorHHHO, h xum cnynaa, npeacTaBJieHHoro Ha puc. 48, nonynHM 

aj = 0 

b, =0 > 

Bj =0 


(8.81) 


(8.82) 


H, COOTBeTCTBeHHO, 


F' 2 = e 2 A[ * 0. 


( 8 . 83 ) 
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Phc. 48 Phc. 49 


H, HaKOHeu, rjisi cnynaa, npeacTaBJieHHoro Ha puc. 49, ycTaHaBJiHBaeM 


a, = 0 

b, =0 > 
A! =0 


(8.84) 


ii 


F" 1 = e 2 B 1 ^0. (8.85) 

Ecjih Tenept, c yneTOM (8.58), (8.68), (8.69), (jiymcmioHajitHyio 3aBHCHMOCTB 
(8.43), (8.44), (8.46) zyia MarHiiTHoro B3aHMO/jeiiCTBiM flByx npoii3Boni>HO zibh- 
'/Kyinuxca lapazioB e\ h e 2 laniicaTB b bhzic 

F = e 2 ( Bl - 3l - bO + e2(A0, (8.86) 

r^e 

F i = e 2( B i “ a i - b i)=e 2 |^[v2xH 11 ]|, (8.87) 


F„ = = e 2 |-^(v 2 -Hp)!, (8.88) 

TO M05KH0 C/ICJiaTB y>Ke BeCBMa HHTepeCHBie BBIBOZZBI. B HaCTHOCTIl, H3 (8.87) 
ciic/iycT, hto H3BecTHoe pazinanBHoe MarHHTHoe none Fix nacTHHHO o6ycnoBnn- 
BacTcst rpa.THCiiTiiBiM 'incKTpii'iecKHM noneM a b npupozia Koraporo eooTBeTCT- 
ByeT npiipoae rpazineHTHoro nona Ai, eooTBeTCTByioinero npiipozie MarHiiTHoro 
nona H\ (8.88). Hto obi yocniiTBcii b stom, paccMOTpiiM BiaiiMo.TciicTBue zibvx 
Z iBHZKymnxca napajinenBHO 3apaziOB e\ n e 2 b nonoacefflin nx, npcziCTaBzicimoM 
Ha puc. 44. CornacHO coBpeMeHHBiM npeziCTaBneHiiaM, KaK sto cneziyeT H3 cjiop- 
MynBi JlopeHiia 
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Fi = 


— [v 2 xH ±1 ] 
c 


(8.89) 


BeKTop MarHHTHoro nona Hu ncpncnnnKymipcn k nnocKOCTii pucymca, a TaK 
KaK BeKTop CKOpOCTH V 2 OKaiBIBaCTCH IICpnCII ,T HKyjlHpilM M K BeKTOpy H |. TO 
BeKTop chhbi F' HanpaBneH nepnen/iHKyjiflpno k iianpaBJicnwo nBHVKcnini 3apa- 
A a e 2 . TaKOBa, b o6meM, HHTepnpeTanna cjiopMaHBHon eymHOCTii cjiopMynBi Jlo- 
pcima (8.89). OnnaKO, ecnn .tbohiioc BeKTopHoe nponaBC/ienne, coraacHO npa- 
BHJiaM pa'no’/KcnHsi ero, npc.icTaBHTB b bh/ic 


K = 


e 0 e 


2 C 1 


{vi -(v 2 -R)}— ttt{R-(v 2 -Vj)}, 


c 2 R 2 


c 2 R 3 


(8.90) 



Phc. 50 

to /ia>KC H3 3 toh (JiopMyjiBi mo>kho ycMOTpcTB. hto nepBBin HJieH ee cnpaBa ,TaCT 
cnny Fj_i, HanpaBJieHHyio no HanpaBnemno nBiiacemia 3apaaa e 2 (pnc. 50), a 
BTopon 'men /iacT cnny F 1 2 , HanpaBneHHyio no pannycy- b ckto py R. PeaynBTH- 
pyiomaa ace sthx nsyx chji F ±[ h F x2 , 6e3 yneTa TpeTten chubi Fp (8.86), (8.88), 
paBHon n npoTHBononoacHO HanpaBneHHon enne Fjj, nencTBHTenBHO OK33BiBa- 
ctcsi nepneimiiKynap11oii k cKopocTii nBiiaccnwi lapana e 2 . O/inaKo, ecnn ynecTB 
eme cnny Fp (8.86), (8.88), to nencTBHTenBHoe HanpaBnemie pe3ynBTiipyiomeH 
cnnBi F (8.86) 6yneT HanpaBneHHBiM yace He nepneHHHKynapHO k HanpaBneHino 
HBHaceHiia lapana e 2 , KaK sto cncnycT n3 (8.89), a no pa/i nycy -b c kto p y R b Ha- 
npaBneHiin k 3apmy e\. 

TaKHM o6pa30M, ycTaHOBnemie cymecTBOBamia 4-x TiinoB rpanneirniBix 
sneKTpnnecKHX nonen a, A, b, B nBiiacymeroca 3apana e cymecTBeHHO yrny6na- 
eT noHiiMamie (j)H3HKH aBnemia MarHHTHoro B3aHMO/tencTBHa nBiiacymnxca 3a- 
paaoB npyr c npyrovi, a Taxace pacKpBiBaeT, b KaKoii-To cTeneHii, n npupony 
£Byx TiinoB MamnTHBix nonen II , H nBiiacymiixca 3apanoB. Ecnn cncTeMy 
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ypaBHeHHH ana rpanucimiBix aneRTpimeciaix noneii a b A b bi, Bi npeacTaBHTt 
b o6meM BHae 


a t = — grad v | a| = — coscp(v 2 • Vj)}x 0 , (8.91) 

c c 

a ! =—grad'llA| = —{v 2 ( Vl -Ej)}, (8.92) 

c c 

bi = — grad,.|A| = — {E x sintp(v 2 • v^)}^, (8.93) 

c c 

B t = — gradj,|A| = — {v 1 (v 2 • Ej)}, (8.94) 

c c 


to H3 coBMecTHoro paccMOTpeHHa (8.91)—(8.94) mo*ho ccjiopMynHpoBaTB yace 
onpeaeneHHbie cbohctb 3 rpaancimibix aneKTpnnecKHX noneii aBnacymeroca 
3apaaa e h 3aKOHOMepHOCTH hx npoaBJieHHa, KOToptie CBoaaTca k cncayiomc- 
My: 

1) npn aBH5KeHHH npo6Horo 3apaaa e 2 b nioooM HanpaBJiemiH b rpanneiiT- 
hom none (dA/dr) ot apyroro 3apaaa e\ (b nonax Tuna bj, B t ) B03HHKaeT cnna 
F_l, HanpaBneHHaa nepneHaHKynapHO k ckopocth aBnacemia v 2 npo6Horo 3apaaa 

e 2 ; 

rpaaneHTHoe aneRTpimecicoe none Tuna (dAJdr) Ha och x , no KOTopoil asn- 
aceTca 3apaa e x , imaymipyiomHH sto none, paBHo Hynio; 

2) npn aBH>K'cnnn npo6Horo 3apaaa e 2 b nio6oM HanpaBneHHH b rpaaneiiT- 
hom none (dA/dx) apyroro 3apaaa e x (b nonax Tima a b A,) B03HHKaeT cnna Fy, 
HanpaBneHHaa no HanpaBnemno aBnacemia npo6Horo 3apaaa e 2 nnn npoTHB; 

rpaaneHTHoe aneicTpimecKoe none Tima (dA/dx) Ha nnocKOCTH, nepneHan- 
KynapHoil k HanpaBneHHio aBnacemia 3apaaa e x h nepeceicaiomeH ero, paBHo 
Hynio. 

H 3 a])opviynupoBaimux TaKHM o6pa30M 3aKOHOMepHOCTeii cneayeT, Ka3anocr> 
obi, bo3mo>khocti> nonapHoro o6i.eaHHeHHa rpaanciiTiiBix ancKTpu'iecKHX noneii 
ai, Ai h bi, Bj b asa Tuna nona BMecTo neTtipex. OaHaKo ecTecTBeHHoe pa3ae- 
nemie noneii b|. B|. a n Ai b 3KcnepnMeHTani>HO H3MepaeMOM MamiiTHOM 

B3aHMoaeHCTBHH ncpci oaHO paanantHoe (BeKTopHoe) MamiiTHoe none 14 
(8.87) h b MamiiTHOM B3aHMoaeiicTBHH nepe3 oaHO aKcnantHoe (cicanapHoe) 
MamiiTHoe none H \ (8.88) b o6meM MamiiTHOM B3aHMoaencTBiiii (8.86) aenacy- 
mnxca 3apaaoB e x n e 2 cBiracTcnBCTBycT b nom>3y Toro, hto noao6Hoe oOBenii- 
HeHne aBJiaeTca, OHCBiinno, ncecTCCTBcniiBiM ana pacc m a t p h b a c m bi x aBnemin 
3neKTpoMaraeTH3Ma. 
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AHanronpya ycTaHOBneHHbie Bbiine cjiyHKnHOHanbHbie 3aBHCHMOCTH (8.91)- 
(8.94) jjrsl rpaniicimiBix aneKTpHHecKnx nonen a h bi, A b Bi aBiiacymeroca 3a- 
paaa e\ n npnnn\iaa bo BHHMaHHe y no b.t c t b o p n Ten b n o e KonnHCCTBCimoe coBna- 
acimc pe3yni>TaTOB BiaHMoaciicTBHJi Hcpci sth nona c pe3ynbTaTaMH b33hmo- 
aeficTBiia .iBH'/Kyinuxca lapaaoB e\ n e 2 c hibcctiibimh Marm-mibiMH nonavni Hi 
h H\\, MoacHO caenaTt BbiBoa, hto o6menpnHaTBie noHaraa o Maranrabix nonax 
Hi, H\\ aBiiacymeroca 3apaaa e npeacTaBnaioT co6oil nnnib onpeaeneHHbin cjiop- 
Mann3M, no3BonaiomHH ormcBiBaTB aBJiemie BiaHMoaciicTBua aBHacymnxca 3a- 
paaoB Meacay co6on h BbipaacaTb sto B3anMoaenCTBne b 6onee KOMnaKTHon 
(JiyHKUHOHajiBHOH c])op\ic (8.43). OaiiaKo, cneayeT otmcthtb, hto iickotopbic 
ypoocTBa nopooiioro (])opMajnmia aocTnraioTca 3a chct Toro, hto, onepnpya 
noHaTnaMH o MarnuTiiBix nonax Hi, II aBnacymeroca lapaaa e. mbi OKa3biBaeM- 
ca numeHHbiMH bobmovkiiocth nonaTb aencTBHTenbHyio (])H3HKy aBnemia B3an- 
MoaencTBua aBHacymnxca lapaaoB. KpoMe toto, H3 conocTaBncnna 3aBHCHMO- 
CTeil (8.12), (8.13), (8.43) c (8.91)—(8.94), (8.86) BnaHo, hto onpeaenemie rpa- 
aneHTHbix sneKTpiiHecKiix nonen (8.91)—(8.94) nocpeacTBOM, onaTb ace, oaHon 
onepannn anc|x|}epeHnHpoBaHHn, npHMeHeHHon k BeKTopHOMy noTeHnnany A, 
cpa3y ace no3BonaeT onpcaemiTb Te nona, KOTopbie HenocpeacTBeHHO noBHHHbi 
b noaBnemin cnn B3anMoaencTBHn Meacay aBiiacymiiMiica 3apaaaMH, Meacay TeM 
Kax Hcnont30BaHiie onepannn aHtJa^epeHnupoBaHna BeKTopHoro noTeHnnana A 
b Biiae (8.12), (8.13) no3BonaeT onpeaennTb TontKO nnnib npoMeacyTOHHbie na- 
paMeTpti Hi n H\\, n jj.ru onpeaenemia hcthhhbix nonen (8.91)-(8.94) oica3biBa- 
eTca ncooxoanviBiM npoBeaeHne eme oaHon aononiiHTcnBiioil m a t c vt a t h h c c k o ii 
onepannn - BeKTopHoro nnn CKanapHoro yMHoaceHna nonen Hi, //, Ha 
KoacjxJmnneHT (v 2 /c), T.e. 


(B-b-a) 



H 


(8.95) 


A = 


•H„ 


(8.96) 


Ectb eme oaHO Bccbvia cymecTBeHHoe orannue nonen Hi, II ot nonen a, b, 
A, B, KOTopoe oco6eHHO HarnaaHO xapaKTepn3yeT (J)opMann3M c HanpaBnemieM 


BeKTopa paanantHoro MamuTHoro nona Hi. B nacTHOCTH, H3 ypaBHemin (8.91)- 
(8.94) aencTBHTenBHbix nonen, o6ycnoBnHBaK>mnx Tax Ha3biBaeMoe nonHoe 
MamuTHoe B3aHMoaencTBiie Meacay a By via 3apaaaMn, HenocpeacTBeHHO BiiaHo, 
hto HHKaKoro aeiicTBiiTcnBiioro BCKTopa Hi, nepneHaincynapHoro k nnocKOCTH 
aencTBna cnn 3apaaoB n HanpaBneHna nx acopocTen, b aciicTBiiTcnBiiocTH He 
cymecTByeT. Bee aencTBna nonen (8.91)—(8.94) OKaiBiBaioTca b nnocKOCTH cko 
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poc'Tcii /laiiiiwx sapaaoB. Ecnn ace CKopocTH iapaaoB t>i h e 2 He Haxo- 

RfLTCfL B O.TIIoii njIOCKOCTH, TO BO B'jaHMO/ICHCTBHH y l iaCTB\TOT TOUBKO KOMnO- 
HeHTBI 3THX CKOpOCTeH, KOTOpBIC neaCaT B O.THOH njIOCKOCTH. 

/(na toto hto6bi yaocTOBcpuTBca b peajiBHocTH cymecTBOBaHiM rpaaneiiT- 
hbix ancKTp h nee km x noneil a, b. A, B (8.91)—(8.94), npoBepuM ripriMcnriMOCTB 
hx ana peantHO ocymecTBHMoro Ha ontiTe cnynaa B3a hmo.t ciic tb na npo6Horo 
aapaaa e 2 c nuncHiiBiM tokom i /loCTaTonno anHHHoro npoBoamiKa. Jinn cyM- 
MapHoro iiiancnrin nona b 0 Ha paccToamiH r ot npoBoamiKa c tokom i b stom 
cnynae MoacHO oyacT 3anncaTB 


bn = 


VjViCj 


-t-cu 

I 


sin cp dx 
(.x 2 + r 2 ) 


2v 2 v 1 ct 1 

2 

c r 


■o > 


(8.97) 


rae Oi dx = dq\ - aapaa TOKa Ha ynacTKC dx. Orayaa ~inn chubi BjariMoaciicTBria 
3apaaa e 2 , aBHacymeroca co ckopoctbio v 2 napannenBHO npoBOflHHKy c tokom i, c 
CyMMapHBIM rpa.THCIITHBIM 3JTeKTp H HCCKHM HOnCM b 0 Oy.TCM HMCTB 

2e 9 v,v,cr 1 

2 2 1 1 - (8.98) 


F_l - e 2^0 “ ' 


c 2 r 


MoacHO noKa3aTi>, hto to ace caMoe 3iiaHeime chubi F nonynaeTca h H3 (])op\ty- 
ubi JlopeHua (8.89) 


= %v 2 x„ ± ,] = ^!^L 

c c r 


(8.99) 


O.TiiaKO aHajiorHHHBie pacncTBi ana cyMMapHoro rpaancirmoro nona a 0 b6hh3h 
npOBOaHHKa c tokom i aaiOT 

a 0 = 0. (8.100) 

Jinn cyMMapHoro ace rpaancirmoro nona B 0 nrmcrinoro TOKa i Ha paccToaHini r 
ot Hero ycTaHaBnHBaeM 


B n 


2v 2 ViC>i 

c 2 r 




( 8 . 101 ) 


b to BpeMa KaK aJia cyMMapHoro rpaaneHTHoro nona A 0 3Toro ace miHeiiHoro 
TOKa i Ha paccToaHHH r ot Hero bhobb HMeeM 

A 0 = 0. (8.102) 

TaKHM o6pa30M, H3 (8.97), (8.101) h (8.100), (8.102) BHaHO, hto npnpoaa aeyx 
TirnoB rpaaneHTHBix noneil b h B npoaBnaeTca o6oco6neHHO TonBKO ana cnynaa 
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JIHHeHHbIX DCCKOIlC'niblX TOKOB (HJIH .TOCTaTO'HIO npOTHVKCIinblX tokob), a TaK 
KaK 3 th Tina Tima nonen 0Tpa>Kai0T co6on cymecTBO MaranTHbix BiaHMO/iciicT- 
bhh lapanoB c TOKaMH, to 3thm, bo3mo)kho, mo>kho oobhciihtb Oonbinyio npaK- 
TunecKyio npneMneMOCTB cjiopMajibHoro npeacTaBJiefflia 06 oxihom paxjnanbHOM 
(BeKTOpHOM) MaTHHTHOM nOJie KaK B KJiaCCHHeCKOH, TaK H B COBpeMeHHOH 3 JieK- 
TpoaHHaMHKe. 


BblBO.Ibl 

B 3aKJiioHeHne mo>kho otmcthtb. hto paccMOTpeHHbie b stoh khhto cboh- 
CTBa rpa/inciiTiiBix 3JieKTpiiHecKiix nonen a, b. A, B tic ii ct b htc n b no 0Tpa>KaioT 
onpe.TCJTeniiBic (])H3 h 1 icckhc CBoiicTBa .iBH'/Kymuxcsi lapanoB. Bnoaiic bo3mo>kho 
o>KHZiaTb, hto HCcnc/iOBanne Bcex HacTHbix npoHBBopiiBix napaMeTpoB nonen no 
pa3JiHHHLiM HanpaBneHiniM OTHOCHTenbHO BBiopaimoro HanpaBJieHini .tbhvkciihji 
3-TcKTp h’ icc k oro iapana mo>kot cnocoocTBOBaTB 6onee rnyooKoviy pacKpbiTne 
(j)H3HKH HBnCIlHJI BjaHMO/lCHCTBHfl /IBIT/Ky IHHXCfl japfl.TOB MCVK/iy C060H, HTO 
CMO)KeT cymecTBeHHO pononiiHTB npoBcpcmiBic HCcncpoBaimyi n bbmbhtb ho- 
Bbie Hen3BecTHbie paHee 3aK0H0MepH0CTii. H ripn stom ocoociiiio nepcneKTHB- 
hbim cnc/iycT paccMaTpuBaTb npiiBH3Ky rpanneimiBix sneKTpnHecKHX nonen 
Bcex TnnoB c rpa/iHcimiBiMii nojiHMH /icc])op\ia aim b BaKyyMHon cpcnc peanbHO- 
ro 0K0H03eMH0T0 npocTpaHCTBa. 
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3. <J>eiiHMaH P„ JleirroH P., C3Hnc M. <4>eHHManoBCKiie jibkhhh no (J)H3HKe. Kh. 6. - M.: 
Mnp, 1977. 

4. TaMM II.E. Ochobbi Teopnn 3JieKTpnHecTBa. - M.: HayKa, 1976. 

5. HiiKOJiaeB T.B. 06ocHOBannc peajiBHOCTH cymecTBOBamM aKcnanBHoro MamuTnoro 
nojia nBiixcymeroca 3apsna. IV. ,H,en. b BHHHTH, Ns 528-79 | - Pl3BecTna BY3ob, 
<I>H3HKa, N 9, 1980, 126 c. 
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TjiaBa 9. O npnpoae BHxpeBbix rpa^neHTHbix 3JieKTpHHecKHX nojiefi 
paBHOMepHO aBHHcymeroca 3apaga 

(1985 r.) 


1. BiixpcBbie rpaaneHTHbie 3JieKTpHHecKHe nojia b liapa.i.ie.ibHO 
aBHacyuiHxea encTeMax OTCieTa 

PaccMOTpiiM 3JieKTpiiHecKiiii 3ap nn e\, ;iBHVKyim-mc5i paBHOMepHO h npaMo- 
JIIlHeilHO CO CKOpOCTBK) V 1 (V « c) OTHOCHTeUBHO IienO/IBH'/KIlOH jiaSopaTopHoii 
CHCTCMBI OTCHCTa. OdlOBIlblC 3 JT C KTp O \T a HIH TIIBIC XapaKTepilCTHKIl TIBH'/Ky IUCrO- 

c a iapa;ia e b stom cnynae, coraacHO [1-3], HMeiOT bi-i.i 


e\ 

cp. =-, 

m 

(9.1) 

Ej = gradcpj = 1 R((), 

R\t) 

(9.2) 

Ai = e ' Vl , 
cR(t) 

(9.3) 

H ±1 = rot Aj = —[Vj xEj], 
c 

(9.4) 

H\\i = -divAj =-(v! -Ej), 

c 

(9.5) 

E,— ‘ aA '=- e ' *'.0, 
c dt c 2 R St 

(9.6) 

1 tS.v 2 e l v l costp 

(Av 2 grad)A! = x 0 , 

c c~R- 

(9.7) 

, u v 2 e 1 v 1 cos(p 

{Ei cos(p(vi,v 2 )}x 0 = 2 2 x 0 , 

(9.8) 


c c'R 
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, 1 V 2 e,Vj s * n( P 

b i = — i E i sin(p(vj, v 2 )}r 0 =-—-r 0 , 

c c~R 2 


1 , J_, „ V 2 e x v x coscp 

Ai =—{v 2 (v! -Ej)} =-—-r 0 , 

c 2 c~R 2 


P - 1 f v U- 1 F V - v 2 e i v i si n 9 
B i rx v i ( v 2 '*n)j- 3 2 x o> 

c 2 c-R- 


(9.9) 

(9.10) 

(9.11) 


rne (p - cKanapHtra noTeHnnan nBiiacymeroca 3apana e x , E[ - oneRTpunecKoe 
none nBHVKymerocn Bapa.na; Ai - BCKTopninii noTcnnnan nBiincymeroca Bapa.na; 
M i - BeKTopHoe MamnTHoe none nBHA'ymcroca Bapa.na; H\ - cKanapHoe Mar- 
HHTHoe none nBHVKymeroca aapa.na; Ej - BiixpeBoe nncKTpnnccKoc none ycKo- 

peHHO /IBH'/Kyincrocfl 3apana; E' - rpa.nncimioc BiixpeBoe nncKTpnoccKoc none 
paBHOMepHo nBHA'ymcroca aapa.na; a t , Ai - rpanncimiBie nponomniBic oneic- 
TpiniccKnc nonn nBHA'ymcroca aapa.na; bi, Bi - rpa^neHTHtie nonepenHtie oneK- 
TpiniccKnc nona nBHA’ymcroca aapa.na; v x - ckopoctb Bap ana e x OTiiocHTcnBiio 
naoopaTopnoii chctcmbi OTcneTa; v 2 - CKopocTt npo6Horo aapa.na e 2 othoch- 
TentHO naSopaTopHon chctcmbi OTcnera, napannentHaa CKopocTH v,; Av 2 - cko- 
pocTt OTCTaBaHna noKoameroca b naoopaTopnoii cncTeMe OTC'iCTa npo6Horo 

aapa.na e 2 ot nBHA'ymcroca aapa.na e x ; v 2 - CKopocTt npo6Horo aapa.na e 2 otho- 
CHTcninio naoopaTopnoii chctcmbi oTcneTa, ncpnennuKynapnaa CKopocTH Vi. 

Bo Bcex cnynaax non naoopaTopnoii cncTeMoii OTC'iCTa K 6y.ncT npiiHH- 
MaTBca Taxaa cncTeMa OTcnera, KOTopaa ocTaeTca b cocToaHnn noKoa othoch- 
Tcninio noBepxHOCTH MaccuBHoro rpaBiiTiipyiomero Tena 3eMnn. CBoiicTBa (|hi- 
3HHecKoro BaKyyvia oKono3eMHoro npocTpaHCTBa npHHHMaioTca TaKHMH, hto 
B aKonw MexaHHKH, oneKTpo.nnna mhk n n onTHKH HMeiOT Heii3MeHHBin Bn.n Tont- 
ko b noKoameiica OTnocnTcninio noBepxHOCTH 3eMnn cncTeMe OTcncTa K [4-11]. 
/)na oneHKH cbohctb ([maunccKoro BaKyyvia oKono3eMHoro npocTpaHCTBa bbi- 
nnineM ociiobiibic oncKTpunecKnc xapaKTepncTHKH (9.1)—(9.11) nBHVKymeroca 
co CKopocTBio Vj Bapa.na e x b noKoameiica K hb nBii'/Kyinciica BMecTe c aapanovi 
e x cncTeMe oTcneTa K!. B KaacnoM cnynac npoonuii japan e 2 oyncvi npe.nnona- 
raTB noKoamiiMca b paccMaTpnBaeMon cncTeMe OTCHera. CicopocTB Av 2 6y.neT 
eooTBeTCTBOBaTB oTnocHTcnBnoii ckopocth nnn'/Kenna iapa.noB e x n e 2 . 

B noKoameiica cncTeMe OTC'iCTa K B nBHVKyinciica cncTeMe OTC'iCTa K' 
v 2 = 0, Av 2 = - Vi v 2 = Vi, Av 2 = 0 

<Pi = e x ![R{f)\ (9.12) <pi = e x /R = const (9.12') 
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Ei = 


R\t) 


R(0 (9-13) E] = —!-R = const 

R 3 
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(9.13') 


Aj - 


Ei=- 


e lVl 
cR(t) 
e x 5v, 


■ 2 R St 


= 0 


?r _ , Av^cosg^ 


v 2 e 1 v l coscp 

a i = = 3~T3 x o 

c~R 2 

u _ v 2 e \ v \ sin <P „ 

0 1 _ 2 „ 1 r ° 
c 2 R- 

4 v 2 e 1 v 1 coscp 
2*1 = T 3 r 0 

c 2 R 2 


o _v 2 e 1 v 1 sin(p^ 

1 “ 2^2 X « 
C A 


(9.14) 


e,Y, 

A, =-= const 

cR 

(9.14') 

(9.15) 


e, = - e ; = 

0 

(9.15') 



c~R St 


(9.16) 


, Av^cos <p 
H, = + ~ n 

c-R- 

x o 

(9.16') 

(9.17) 

a i = 

v 2 e 1 v 1 coscp 

2 „ 2 X 0 - 
c 2 R 2 

= const 

(9.17') 

(9.18) 

b, = 

v 2 e 1 v 1 sincp 

2 „ 2 r 0 - 
c 2 R 2 

= const 

(9.18') 

(9.19) 

A-i 

v 2 e l v l coscp 

- 2 2 r 0 _ 

c 2 R 2 

: const 

(9.19') 

(9.20) 

B 

v 2 e l v l sin cp 

1 2 „, x o 

= 0. 

(9.20') 


2 d 2 

C A 


H 3 conocTaBnefflM (9.12)-(9.20) c (9.12')—(9.20'), npenyie Bcero, o 6 pamaeT Ha 
ce 6 a BHHMaHHe tot cjiaKT, hto BbipanceHiia (9.16), (9.16') h (9.17), (9.17'), ecnH 

HCKJIFOHHTb H 3 paCCMOTpeHIM 3 HaK MHHyC, KOJIHHOCTBOHHO 3 KBHBajI 0 HTHBI B pa 3 - 
hbix cucTOMax oTC'icTa. Bbipa’/KciiHa EJ ii ai 0 Ka 3 biBai 0 Tcn paBHtiMH ,ipyr npyry 
h npoTHBonono)KHi>iMH no 3 Haicy. FTp h stom, earn npunuHti i-nvienenna rpa/in- 
eHTHoro BiixpeBoro sneKTpHHecKoro nona EJ npn nepcxo/ic ot noKoameftca 

CHCTeMM OTC'icTa K k .TBHVKymciicsi K' 6onee huh MeHee noimiibi, to npuHHHM 
H3M0H0HH5I rpa/iHcimioro nona a] npn stoh ace CHTyannn OKaabiBaioTca He co- 
BceM iioiihtiibimh. BbriBano 3 to TeM, hto rpanucm hoc none a] npiiHHMaeT \iaK- 
CHMajiBHoe iiiaHciiHc He b noKoameiica, a b nBHVKymcHca BMecTe c 3apa/io\i e x 
cncTeMe oTcneTa K'. IlpuHeM <J>yHKu;na a! (9.17) OKaabiBacTca minHHppHHecKH 
CHMMeTpiIHHOH OTHOCHTeJIBHO /IBHVKy IHCrOCS lapa.ia C\. Coi/iaCTCa BneHaTne- 
HHe, HTO .IBHVKy I HHHCa japa/l g| B .IBH/KyiHCHCa CHCTeMe OTCHeTa K' COi.TaCT 
okoho ce6a onpepeneHHoe «cTaiiHOHapHoe» noTeHunajibHoe rpapneHTHoe sneic- 
TpunecKoe none a b Korapoe yBneicaeTca /iBHVKymHMca lapanovi e x Kaic onno ue- 
noe. TpacjiHHecKH sto movkho HioopaiiiTB b bh/ic noTcniiHanMioii avibi (puc. 51), 
KOTopaa neoTpBiBiio conpoBovK/iacT nBHVKynn-mca 3apa/i e x . Ha moOoii npo6Hbra 
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Pnc. 51 


japan e 2 , noKoamnilca b chctgmg K' b stom rpanucirmoM noTcnimanbiioM none 
a u oyneT nciicTBOBaTb cnna 

F = a ie2 , (9.21) 

KOTopaa oyneT cooTBCTCTBOBaTB H3BecTHon cnne TaK naabiBacMoro MamuTHoro 
B3aHMO/ieHCTBIM MCVK.ny lapTHOM 6 , H npo6HBIM japn.TOM e 2 npH napajIJieJIBHOM 
nBHVKeHHIl HX C OAHIiaKOBOH CKOpOCTBIO V \. Ho eCIIH B .IBH/KVIIICHCH CHCTeMe 
OTC'icTa K' ncHCTBHTcnBiio hmcctch «cTanHonapnoc» rpannemnioc aneRTpune- 
CKoe none a u to oho, ohcbhhiio, ponvKiio pciicTBOBaTB n Ha mo6on npyroil 
npo6HBin japan e 2 , HMetomnn mo6yio nponiBonbiiyio ckopoctb Av 2 othoch- 
TentHO cncTeMBi OTC'icTa K', b tom nncne n Ha japn.nbi e 2 , noKoamneca b na6o- 
paTopHon CHCTeMe OTcicTa K. OniraKo, c npyroil CTopoiibi, icaic noKa3i>iBaioT 
naGnioncmia, MarmiTHoe B3 a h m on c ii c t b h e sap an a e \ c noKoamuMca b na6opa- 
TopHoil CHCTeMe OTC'icTa japanovi e 2 nonncHO oTcyTCTBOBaTB. CncnonaTcnbiio, b 
noKoamciica naoopaTopnoii CHCTeMe OTC'icTa K «CTanHonapnoe» rpannemnioc 
nneKTp h 'icc k oc none aj toidkho 6bitb hcm-to cKOMneHcupoBaHo, h sto hto-to 
nonvKiio 6 bitb, koiichiio nee, Tonce sneKTpn hcckhm noneM. Oopamaa Tcnepb bhh- 
MaHiie Ha xapaKTep irjMeneniin BuxpeBoro rpanHcmnioro sncRTpn'ice koto nona 
E'j (9.16), (9.16'), mo>kho saKnionuTb, hto TaKHM KOMneHcupyiomuM sncKTpu- 
necKHM noneM KaK pa3 h aBnaeTca rpanneHTHoe sneRTpiinecKoe none E| (9.16). 
Pcsiovmpya CKa3aHHoe Bbirne, movkiio cncnaTb OKOii'iaTcnbiibiii BbiBon, hto c 
HBHVK ymHMca co CKopocTBio Vi = const japanovi e\ b nBuncymenca cucTeMe ot- 
e'lCTa K', noMHMO H3BecTHoro KynoHOBCKoro nona E| (9.13), Hepa3pbiBHO CBa- 
3aHo TaK>Kc HeH3MeHHoe bo BpeMeHH «cTauHOHapHoe» rpanHcirrnoc sneKTpnne- 
CKoe none ai, nna Koraporo movkiio Tcnepb 3anncaTB 


v, 2 e, coscp 

a o, =- 3 —^— x o = const. 

c R 


(9.22) 


Ha mo 6 oil npo 6 Hbin 3 apan e 2 , nBiincymnnca c npon 3 Boni>Hon CKopocTBio Av 2 
OTiiocHTcnbiio cncTeMBi oTCHeTa K' . napannentHoil CKopocTH Vi, 6 yneT neilcTBo- 
BaTb Hen 3 MeHHaa no BennnnHe cnna F' co ctopohbi nona a 0 (9.22), paBHaa 
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F' = a 0i e 2 . 


(9.23) 


3ra 5Ke cnna F' co ctopohbi nona a 0 6y/iCT /iciicTBOBaTB h Ha noKoami-iiica b 

naSopaTopHOH cucTeMe oTcneTa K npooiiBiii japan e 2 . Oniraico H3 (9.16), (9.16') 
BHflHo, hto earn cKopocTt npo6Horo japa.na e 2 otiiochtc.tbiio chctcmbi oTCHCTa 
K' , b KOTopoH noKOHTca 3apan e 2 , He paBHa nymo, to Ha npo6HBin 3apap e\ Ha- 
HHHaeT /iciicTBOBaTB BHxpeBoe rpa.nHcimioc sjieKTpiiHecKoe none EJ, nna koto- 
poro mo>kho 3anncaTB 



Av 2 e)Vj coscp 


c 2 R 2 


(9.24) 


/J jia chjibi F" BjanMonciicTBua npo 6 Horo japan a e 2 c BuxpeBBiM rpanucimiBiM 
3 JieKTpHHecKHM noneM EJ (9.24) ycTaHaBJiHBaeM 


F" = Eje 2 . (9.25) 

npHHHMaa bo BHHMaHHe (9.23), (9.25), rr% pe3yjn>THpyiomeH chjibi B3aHMO^eii- 
ctbhh npo6Horo 3apa^a e 2 c nojniMH a 0j (9.22) h EJ (9.24) Haxo^HM 


F = F' + F" = 


e 2 Av 2 e 1 v 1 coscp e 2 vfe l cos(p 


2 D 2 

c R 


2 D 2 

c R 


(9.26) 


nonaraa HanpaBneHiie CKopocTH Av 2 npoTHBononoacHBiM CKopocra Vi, pna 
(9.26) oyncM HMeTB 


e 2 e l v l coscp 
c 2 R 2 


(Vi -Av 2 )x 0 . 


(9.27) 


OniiaKo pa3HocTB CKopocTcil (vj - Av 2 ) npcncTannacT co6oh He hto HHoe, ktik 
CK opoeTB v 2 npo6Horo japana e 2 othochtcjibho na6opaTopHOH chctcmbi OTcneTa 
K, T.e. 

v 2 = V] - Av 2 . (9.28) 

Ho b TaKOM cnynae 3anncB (9.27) npiiHHMaeT Blip 

(v 2 ■v 2 )e 1 coscp 


F = ~ e 2 


(9.29) 
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h ana p c 3 yn bt n py i o m ero rpanncmnoro nona a h aciicTByiomcro Ha npooiiBiii 
3apaa e 2 , OKOHHaTenBHO ycTaHaBJiHBaeM 


_ VASCOS <P 

a i “ a 0, + ^1 “ 2 n2 X 0’ 

c R 

hto coBna^aeT c (9.8). B HacraocTH, npH v 2 = 0 nnn (9.30) Haxo^HM 

a i = a o, +E'i = 0, 


(9.30) 


(9.31) 


hto cooTBeTCTByeT yace (9.17). C y i icTo\i (9.31) ana pesynBrapyiomen chubi F, 
acilcTByiomcil Ha npo6HBin sapaa e 2 , noKoamniica b naoopaTopnoii chctomo 

OTCHOTa K, COOTBOTCTBOHHO 6yaCM HMOTB 

F = a,e 2 = 0. (9.32) 

Pe3ynBTaT (9.32) cooTBeTCTByeT oomcnpunaToxiy npcacTaBacimio. hto noicoa- 
mHHca sapaa e 2 He npoaBJiaeT MarHHTHoro BsaHMoaciicTBiia c aBHacyirnivica 
sapaaovi e\. OairaKo H3 (9.32) cacaycT Taicace HeBepHocTB nepBOHaHajiBHBix 
npcanociaaoK [3], hto BuxpeBoe rpaaneimioe ancKTpiiHccKoc none E, MoaceT 
acilcTBOBaTB h Ha HHayunpyiomnH 3 to none aBnaxymniica sapaa e\. Tax Kaic b 
cncTeMe sapaaa e t BuxpeBoe aneRTpunecKoe none E' (9.16') paBHo Hynio. 

HarnaaHOH HnniocTpaHHH npupoati BHxpeBoro rpaaneHTHoro aneic- 
TpHHecKoro nona E' (9.24) o6paTHMca k puc. 51. Ecnn npo6HBin oa non vie nn Bin 
sapaa e 2 noKOHTca Ha noTeHunanBHOH KpiiBon «CTannonapnoro» rpaancnmoro 
nona a 0 b TOHKe N, to Ha 3 tot iapaa e 2 OyacT acilcTBOBaTB CTaniionapnaa cnna 

F' (9.23), KOTopaa OyacT CTpeMHTBca cmccthtb iapaa e 2 b noTeHHuanBHyio aMy 
k sapaay e\. Ecnn ace npo6HBin 3apaa e 2 annaccTca no noTeHnnanBHon KpiiBon 
BBepx nnn bhh3, to co cTopoHBi rpaaiieirmoro nona a 0 B03HHKaeT aiinavniHe- 

cxaa pcaKiu-ia F" = E[e 2 , TopM03amaa aBHaccnnc npo6Horo iapaa a e 2 othoch- 
TenBHo cncTeMBi oTcneTa K' , cBasaimoii c caMHM aBHacyiHHNica iapaaovi e t . ITpii 
3 tom, ecnn npo6HBin sapaa e 2 annaccTca ot sapaaa e\ b HanpaBneHim ero afiii- 
aceHiia, to cnna F" cyMMiipyeTca c cnnon F' (9.23) ot «CTannonapnoro» rpaan- 
eHTHoro aneKTpHHecKoro nona 


F = F' + F" 


e 2 v l e l coscp 
c 2 R 2 


(vj + Av 2 )x 0 


(9.33) 
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h pcayiibTHpyioiaafl cnna F (9.33) npHTH'/KciiHJi 3apima e 2 k japn/iy e yBenHHH- 
nacTCH. hto cooTBeTCTByeT yBCJiiiHcnmo MarHHTHoro BaaiiMO/iciicTBiia MOKpy 
napannenBHO /iBHVKy inn much japupaMH e x h e 2 . npH /ibhvkciihh >Ke iapiipa e 2 
miBCTpeny lapa/iy e x (bhh 3 no noTeHnnajitHon KpiiBOH Ha puc. 51), cnna peax- 
nnn ot rpa/inciiTiioro noun a 0 oy/icT yMciiBinaTB npHTHVKciiHc lapapa e 2 k 3a- 

PW e x 


F = F' + F" 


e 2 v l e l coscp 

” c 2 R 2 


(Vi -Av 2 )x 0 


(9.34) 


n npn Av 2 = V\ cnna «MamnTHoro» npiiTiDKeHiui Me>Kpy hiimh 6yneT paBHa Hy- 
nio. npii ^ajibHenineM *e yBennneHHH CKopocra Av 2 (Av 2 > |- vi|) cnna F (9.34) 
npHTH'/Kcnini lapapa e 2 b tohkc N k 3apapy e x oopaTiiTcs y>Ke b cnny OTTajiKHBa- 

HH8 


F = F' + F" 


e 2 v 2 v 1 e 1 costp 

~7r 2 : 


L 0 9 


(9.35) 


r/ic v 2 - CKopocTB npo6Horo lapapa e 2 othochtcjibho nabopaTopHon chctcmbi 
OTC' iCTa K. TaKHM o6pa30M, earn /iBa lapa/ia e x n e 2 b JiaoopaTopnoii cncTeMe 
OTC'iCTa .tbh'/Kvtcji b npoTHBonojioKHtix nanpaB.BCimjix. to, c tohkh ipcnini 
MaTHHTHOrO BiaHMOPCHCTBHH, MC’/KPy HIIMH POJTA'IIBI /ICHCTBOBaTB VianiHTIlBIC 

chjibi OTTajiKHBaHiM F (9.35). O.TiiaKO, c tohkh ipcirna pi-maMHHCCKoro tjick- 
TpunecKoro BianMo/iciicTBiiJi pBHVKyirinxcfl iapanop, e, h e 2 , BjaiiMo/ieiicTBiie 
vicvK.Ty hiimh F (9.35) iicooxo.thmo HHTepnpeTHpoBaTB KaK npcoona/iaimc B03- 
pciicTBHJi chubi F" Ha .TBiivKymniicii lapH.i e 2 co ctopohbi BiixpeBoro rpa/ineiiT- 
Horo n on si EJ (9.24) nap BOi/iciicTBiicM Ha Hero chubi F' co ctopohbi «CTaimo- 
HapHoro» rpa^HeHTHoro sneRTpiiHecKoro noun a 0 (9.22) 3apnpa e x . 

llpOK.TC HeM IIO.TBCpniyTB HCCJICpOBailHIO rpa.THCIITHBIC 3JieKTpHHeCKHe 

nona a 0 (9.22) h EJ (9.24), cnc/iycT o6paraTB BHHMaHHe Ha tot (jiaKT, hto b 

,TBn>Kyniciic?i chctcmc oTcnera K' ooiiapyvKHBacTcii eme op no «cTannoiiapnoc» 
rpapneHTHoe sneKTpuHecKoe none b 0 =!>! (9.18') 


b 


o, 


v, 2 e, sin cp 

-——r 0 = const, 

c 2 R 2 


(9.36) 


KOTopoe npojiBJiaeT aHanornHHBie *e CBOHCTBa npii ncpcxopc b noKomnyiooi 
CHCTeMy OTcneTa K (9.18). H 3 conocTaBJieHHa (9.18) h (9.18') mbi BBray>KpeHBi 
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3aKJU0HHTi>, hto h jiTift «CTannonapnoro» rpa/iHeirnioro noun b 0 (9.36) .hojdk- 
ho, OHeBHflHo, cymecTBOBaTt KaKoe-To eme on no BiixpeBoe rpa/nieirmoc sneic- 
TpiiHecicoe none EJ. B cbhih c sthm cnc/iycT bhobb BcnoMHHTB onpe/icncniie 
BuxpeBoro rpa/iHeimioro sneiopiiHecKoro noun Ej [2] Kaic nacTHon nponxnon- 
hoh no Koop.iHiiaTc r(/) 

E'i =-(v 2 grad)Aj = —I^A-V 0 . (9.37) 

c C \ OX ) 

H 3 (9.37) BH.xno. hto BiixpeBoe rpa/nieirmoc sneicTpiiHecicoe none E) onpcnc- 
nneTcn nepe3 ozjHy nacTHyio npoii3BonHyio (dA Jdx) BeKTopHoro noTeHnnana A h 
MOK/iy TeM Kax npn .tbh/Kciihh npo6Horo 3apnna e 2 co ckopoctbio v 2 n npyran 
nacraan npoii3BonHan ( dA\/dr ) ot 3apnna e\ BnonB TpaeKTopnn nBii>KeHiin 3apnna 
e 2 , b o6meM cnynae, TaK>Kc He ocTacTcn HeH3MeHHon. Bnojrae ecTecTBeHHo 
oncnnaTB, hto n npyran nacraan npon3BOflHan (dA\tdr) nonmia onpenenuTB co¬ 
don eme KaKoe-To rpannenraoe sneiopiiHecKoe none. OxnaKO H3 3anncn (9.37), 
KOTopyio, c v'ictom v 2 = Av 2 , mo)kho 3anncaTB 

E'i = - —(Av 2 grad) A j =, (9.38) 

c c \ ox ) 

He npe^CTaBJiaeTca bo3mo)khi>im ycTaHOBHTb eme o,zjho BHxpeBoe rpa^HeHTHoe 
3JieKTpHHecKoe none. B cbabh c othm, onpe^ennM HeKOTOpoe cyMMapHoe Bnxpe- 

Boe rpa^neHTHoe oneKTpnnecKoe none c|)yHKimoHanbHOH 3aBncnMOCTbK) 
BH^a 

E® = - —(Av 2 gradlAj), (9.39) 

c 


KOTopan HecKonbKO OTnnnaeTcn ot (9.38). B otom cnynae BbipanceHne (9.39) 
MO)KHO npe^CTaBHTb b BH^e 


~o Av 2 | 9Ai j Av 2 | 5Ai ] ~ ~ 

E?=-- x o-- r o = EJ +E". 

c ox j c or 


H 3 conocTaBneHun (38), (40) ycTaHaBJiHBaeM, hto nepBBin HJieH cnpaBa npen- 
CTaBJineT codon BiixpeBoe rpaniieimioe sneiopiiHecKoe none Ej (9.38), T.e. 
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IloziCTaHOBKa ace BeKTopHoro noTeHiinana Ai (9.14), (9.14') b (9.40) n onpeae- 
jiemie npoHiBopiioil jj,jm BiixpeBoro rpapHcnxnoro aneKTpHHecKoro nona E" 


pacT 


E" = - 


Av 2 


5Aj 

v Sr j 


AvjVjej sin cp 


2 r>2 

c R 


(9.42) 


ConocTaBnaa (9.42) c (9.18), (9.18'), o6HapyacnBaeM, hto BuxpeBoe rpaaneHT- 
Hoe 'jJTCKTpH'iccKoc none E" a c ii c t b a t e n b n o OKa3BiBaeTca iicpocTaiomuM ana 
rpaaneHTHoro nona b 0 (9.18), (9.18') 


b, =b n . +e; = - 


v 2 v 1 e 1 smcp 
c 2 R 2 ’ 


(9.43) 


Beicrop b (9.43) npeacTaBnacT coooii pe3ym>Tnpyiomee rpaanemnoc aneicrpH- 
necKoe none aBnacymeroca co CKopocTBio V\ 3apaaa e\ b cucTeMe OTCiCTa K", 
CBa3aHHon c aBnacymuMca 3apaaoM e\. MnTcpnpcTanHa (9.43) OKaiBiBaeTca aHa- 
nornHHon (9.30). Ilpn v 2 = 0, T.e. ana noKoameroca b naoopaTopnoii cucTeMe 
OTC'iCTa K npo6Horo 3apaaa e 2 , HaxoanM 


b, =b 0 , +e; = o, 


(9.44) 


hto cooTBeTCTByeT oomenpunaTOMy npeacTaBncnnio 06 oTcyTCTBun «MamnT- 
hoto» B3aHMoaencTBiia noKoameroca 3apaaa e 2 c aBnacymuMca 3apaaoM e\ h 
T.a. 

TaKHM o6pa30M, ecnn b naoopaTopnoii cucTeMe OTcneTa K b cj)H3HHecKOM 
BaKyyvfc peantHoro OKono3eMHoro npocTpaHCTBa aBnaceTca co CKopocTBio V\ 
anc KTp n acc k nii 3apaa e\, to b aBHVKymciica co CKopocTBio v 2 b stom ace HanpaB- 
neHHH (nnn npoTHB) cucTeMe OTCHCTa K", ripoiiHiBiBaiomeii KynoHOBCKoe Ei h 
rpaaneHTHtie a 0 , b 0 aneicTpiiHecKne nona aBnacymeroca 3apaaa e\, HHaynn- 


pyeTca pe3yntTHpyiomee «anHaMHHecKoe» rpaaneHTHoe aneicTpiiHecKoe none 
(ai + bi), ana KOToporo cneayeT ianncaTB 


(a 1 +b 1 ) = (a 0i +b 0i ) + (£'[ +E") = (a 0] + b 0i ) + E?. 


(9.45) 


C yneTOM (9.45), Ha moboii npoonwii 3apaa e\, rioKoamniica b cucTeMe OTcneTa 
K", 6yaeT aencTBOBaTt cnna F, paBHaa 

F = (a 1 +b 1 )e 2 . (9.46) 

ConocTaBnaa cnny F (9.46) c cnnoii nonHoro MamuTHoro B3anMoaencTBna na- 
pannentHO aBnacymnxca 3apaaoB e, n e 2 b Bnae 3aBHCHMOCTH [3, 12] 
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F = —[v 2 xH il ]+ —(v 2 -^n) =-—?-{E 1 (v 2 -V!)}, 


^2 


^2_ 

2 


HaXO^HM 


HJIH 


»i +bi = y{E i(v 2 -Vj)} 


a i +bi =- 


v 2 v l e l cos(p 

c 2 R 2 ' 


v 2 v l e l sirup 

c 2 R 2 


‘0 > 


(9.47) 

(9.48) 

(9.49) 


hto noHneHHo TovK/iecTBcimo c (9.8), (9.9). Paiibme [2] 6tino y>Ke onpcneneno, 
hto BuxpeBoe rpa.THcnxnoc oneJCTpunecKoe none Ej (9.41) /iciicTBHTcnbno npo- 


jiBiweT CBOHCTBa BiixpeBoro oneKTpuHecKoro nona, Tax Kax 

( a 2 * A 


Av, (dA, 

rotE. =--rot — 1 

c l dx 


Av, 


a 2 A, 

ydxdr j 


cp 0 ^0- 


(9.50) 


Ananonvnio mo>kho noica3aTB, hto h BuxpeBoe rpa/ineimioc aneKTpHHecKoe 
none EJ (9.42) TaK5Ke npoaBnaeT CBoncTBa BiixpeBoro oneRTpunecKoro nona 

Av, 


rot E I = — - 


-rot 


(d\A 

Av, 

»• — A 

V Aj" 

{ dr ) 

ro ~ 

c 

drdx 
v / 


<Po 


(9.51) 


O^HaKo win pe3yjiBTHpyio]nero BHxpeBoro rpa^HeHTHoro 3JieiapHHecKoro nojia 


E® (9.40) Rim jik)6oh ckopocth Av 2 ^BH^ceHHa npoOHoro 3apa^a e 2 , napajuienb- 


HOH CKOpOCTH v 1? ycTaHaBJiHBaeM 


rotEj = rotEj +rotE[ = 0. 


(9.52) 


AHanorHHHo h «CTaijHOHapHi>ie» rpa^HeHTHbie 3JieicipHHecKHe nojia a 0 h bo xa- 
7KJXOQ B OT^eJIBHOCTH TaiOKe npOflBJIflIOT CBOHCTBa BHXpeBBIX 3JieKTpHHeCKHX 
nojieii 


V\ 

rota, =—rot 


0A 


v dx J 


Xn =- 


Vl 


( 5 2 Aj ^ 
dxdr 


tp 0 > 


rot b n =—rot 


9Aj 

dx 


rn = 


Vl 


( 9 2 Aj ^ 
drdx 


!<Po> 


(9.53) 

(9.54) 
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MOKpy TeM KaK ana pe3ym>THpyiomero <<CTannonapnoro» rpa/iHemnoro 3JieK- 
TpunecKoro noun (a 0 + b 0 ) y>Ke HMeeM 

rot (a 0 + b 0 ) = 0. (9.55) 

H 3 (9.52), (9.55) cnc/iyeT, hto h pe3yni>Tnpyiomee <<,THna\iHHecKoc>> rpa/iHenT- 
Hoe 3JieKTpiiHecKoe none (a + b) (9.45), (9.47), (9.48) TaioKe He npoaBJiaeT cboh- 
CTBa BuxpeBoro 3JieKTpHHecKoro non a 

rot (a 0 + b 0 ) = 0. (9.56) 

Pe3yjiBTaTBi (9.52), (9.55), (9.56) OKa3ajinci> BCCBMa 11 cO/KH/iann bimh h cbh/ic- 
TCJTBCTByiOT C 060 H O TOM, HTO B npOCTpaHCTBe OKOJIO .TBHVKymerOCa CO CKopo- 
ctbk) Vi = const iapana e\ KaK b noKoamenca naoopaTopnoii cncTeMe OTCHera K. 
TaK n b niooon /iBHVKymenca co CKopocTBio V 2 , napajuientHon CKopocTH Vi, cnc- 
TeMe oTcneTa K" pe3ynBTHpyiomce BnxpeBoe oneRTpunecKoe none oKannBacTca 
paBHBiM nymo. Cnc/iOBaTcnBiio, earn b6jih3h nBHVKymeroca co CKopocTBio Vj = 
const aapa/ia e\ noMecTHTB 3aMKHyTBin KOHTyp L, to, nccMOTpa Ha ohcbhhhbih, 
Ka3ajioci> 6 bi, cjjaKT HiMcnenna MamuTHoro noTOKa ® 'iepei 3aMKHyTBin KOHTyp 
L COTJiaCHO H3BCCTHOH (JlOpMajIBHOH 3anncn [13-17] 


E 


1 0 

c dt 


Jhjs 


1 0 ® 

c dt 


(9.57) 


peiyjiBTHpyiomaa 3/(C E b KOHType L Bcer/ia 6y/iCT ocTaBaTBcn paBHon nymo, 
T.e. 


E = Jrot (a + b)t/S = |(a+ b)t/l = 0. (9.58) 

S L 

TaKHM o6pa30M, nccMOTpa Ha to, hto Bee paccMOTpemiBic rpa/iHcimiBie 3JieK- 
TpuHecKne n on a a 0 , bo, a, b, EJ, E[ b OT/icnimocTH n npe/icTannaioT co6on bhx- 
peBBic 3JieKTpHHecKne 1 1 on a, cyMMapHoe /ichctbhc nx npn paBHOMepHOM n upa- 
MonnHenHOM nBHVKeniin 3apa/ia cnonuTca k HyneBOMy pe3ym>TaTy. 

J\nn nojraoro onpencnenna pe3ynbTnpyiomero BeKTopa (a + b) (9.48) Han- 
^eM ero nuBeprcniinio 

div(aj +bj) =—ydiv{Ej(v 2 •v 1 )} = -^y-divE 1 = ^^-471^ * 0 (9.59) 
c c c 

CpaBHHBan div (a + b 1 ) c div Ei KynoHOBCKoro 3ncKTpn l iccKoro nona Ei iapa/ia 
<21 


div Ei =4jip!, 


(9.60) 
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o6Hapy>KHBaeM, hto pe3ynBTiipyiomee <<,THiia\fH'iccKoc>> rpa/incmiioc sneKipn- 
hcckoc none (ai + bi) no 3HaKy npoTHBonononcHO KynoHOBCKOMy sneKipune- 
CKOMy nonio Ei /laimoro sapana. O/uiaKO, b OTminne ot KynoHOBCKoro noun Ei, 
BeJiHHHHa rpa/iHCirmoro nona (a, + h|) b paccMaTpnBaeMon cncTeMe OTCiCTa 
K", cBaiannon c npoonwM lapanoM e% onpenenaeTca cmc CKopocTBio /tbita'ciiim 
V 2 (V2 || Vi) /laimoii chctcmbi OTCiCTa K" OTHOCHTentHO neno/iBHVKHOH na6opa- 
TopHon chctcmbi OTC'iCTa K. H eciiH CKopocTB /ibhvkciihji V2 paccMaTpiiBaeMon 
cncTeMBi OTC'iCTa K" oTHOCHTentHO JiaoopaTopnoii chctcmbi otcictb K paBHa 
Hymo, to HeMeA-neHHO ycTaHaBJiHBaeM 

div (ai + bi) = 0. (9.61) 

H 3 (9.59), (9.61) MoaceT obitb c/icnai! ynce BancHBiit bbibo/i, hto «/iHiiaMH'iccKoc» 
rpa/iHcmnoc sncRTpi-i'iccKoc none (a, + b,) /iBH>Kymcroca iapa/ia e, b paccMaT- 
puBaeMoil cncTeMe otcictb K" onpenenaeTca He oTHocnTejiBHon CKopocTBio Av 
MOK/iy lapa/iaMH e\ n e 2 , KaK sto cnc/iycT H3 cj)opMajiH3Ma npuHnnna othoch- 
TejiBHocTH, a aocomoTiiBiM 3HaHeHneM CKopocTcil Vi n V 2 iapa.ioii e\ n e 2 otho- 
CHTeJIBHO IienO,TBH'/KTIoil Jia6opaTOpHOH CHCTCMBI OTCHeTB K, CBaaaimoH c no- 
BepxHOCTBio MaccuBHoro rpaBHTnpyiomero Tena 3 cmjih. C’jie/iOBaie.ibHO, yc- 
jiOBne (9.61) MoacHO pacaviaTpHBaTb KaK HeoSxoflmvioe h ^ocTaTOHHoe ycno- 
biic onpe^ejieHHH npeHMymecTBeHHoii jiaSopaTopHoii chctcmbi OTCieTa K. 
IIpaKTHHecKH 3 to MonceT 03HanaTB cnc/iyiomcc. Ecnn b paccMaTpnBaeMon cnc- 
TeMe OTcneTa K p ycnoBne (9.61) OKaaBiBacTca BBinomiHMBiM, to nannaa cncTeMa 
OTcneTa K p noKOHTca otiiochtcjibiio npenMymecTBeHHon JiaoopaTopnoii cncTe- 
mbi OTcneTa K, CBJiiaiiiioil c noBcpxnocTBio rpaBHTnpyiomero Tena 3eMnn n 
OKpyA'aKMIIHM erO (J)H3HHeCKHM BBKyyMOM. 

2 . BaxpeBbie rpa^neHTHbie 3 JieKTpHiecKHe nojia b nepneHflHKyjiapHO 
flBHSKymUXCH CHCTCMaX OTcneTa 


ripc.TnonovKHM, hto cncTeMa OTcneTa K' c noKoamiiMca b Hen lapa/ioM e\ 
HBii/KCTCH oTHocHTenbHo npeHMymecTBeHHon na6opaTopHoil cncTeMbi otcictb 
K co CKopocTBio Vi. ripunaniiM norioniiHTcnBiioii cncTeMe OTCiCTa K\ b koto- 
poil noKOHTca npoOHBin iapa/i e 2 , CKopocTB hbii’A'ciiihi v 2 OTHocHTenbHo na6o- 


paTopHon cncTeMbi OTCiCTa K TaK, hto 6 bi OHa 6Bina ncpncin hK ynapnoil k cko- 
pocTH Vi. B 3 tom cnynae aim BBipaacemin (9.19), (9.19') n (9.20), (9.20') b chc- 
TeMax OTcneTa K' n K ycTaHaBnnBaeM 




(9.62') 




TnaBa 9. O npHpo^e BHxpeBbix rpa^HeHTHbix 3JieiapHHecKHX 
_ nojieH paBHOMepHO jBH>Kynieroca 3 apana _ 


B, 


v 2 e l v l sin (p 

c 2 R 2 


x 0 =O, (K') 


n v 2 e i v i sm q> _ 
B 1 _ 2 9 X C 

c R 2 


* 0 . 0 K) 
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(9.63) 

(9.63') 


H 3 (9.62') h (9.63') cuc/iyeT. hto b p ac c m arp hb ac m oil nononniiTcnBiioil chctcmc 
OTC'iCTa K ooiiapyvKHBaioTCH He paBinac Hynio rpa/incimiBie anercTpiiHecKHe 
nona A] w B,. O/rnaKO, rip Him Mas bo BHHMaHne (40), hto npn ,iBir>Kcniiii npo6- 
hoto 3apnna e 2 b rpa^neHTHBix nonnx (dAJdx) h ( dAi/dr ) b HanpaBJieHim, na- 
pamienBHOM .tbii’A'ciihio 3aps.ua e u BBnuBacT nosBaeime cooTBeTCTByromux cun 
peaKHHH co CTopoHti 3thx noneil, to, no aHajiornii, cac/rycT o>KH/iaTB, ohcbh;i- 
ho, nosBaeHHS cooTBeTCTByromux cnn pearcpiTH h npn ^bh'/KChhh npo6Horo 3a- 
pnna e 2 b 3thx ace nonnx (dA\/dx) h {dAJdr) b nepneHniiKynapHOM HanpaBne- 
hhh. Kax h b cnynae (9.41), npennoaaras, hto H3MeHefflie nanpaBaenna cKopo- 

cth Av^~ Ha yron y = 90° Bi>i3biBaeT H3MeHeHne nanpaBaeimn eni-mi-i'mcro bck- 
Topa x 0 , r 0 nona Taicnce Ha yron y = 90°, nan onpe/icneimn BirxpeBBix rpaaireiiT- 
hbix 3JieKTpHHecKHX noneil Ej" h EJ V ,TBir>Kyincrocn 3aps.ua e moscho 3anncaTb 


E 00 _ 1? m I 17 f V 
j — IL j t H-1 


Av^ 

fdA 1 

1 

r dAj ■ 

c ' 

y 9X 

7 ° c 1 

l Sr ) 


(9.64) 


IIpHHHMan bo BHHMaHHe 3HaHeHne BeKTopHoro noTeHHHana Ai (9.14), (9.14') h 
naxons ero nacTiiBic npoi-nBomiBic, .ran BHxpeBbix rpa/urcmaiBix sjieKTpuHecKHx 

noneil E"' h EJ v nBHacymcrocs aapnaa e\ ycTaHaBJiHBaeM 


E” = 


A y 2 v i e i C0S( P 


2 d 2 

c R 


l o> 


Ef = 


A v 2 v l e l s * n 9 


2 D 2 

c R 


L o • 


(9.65) 

(9.66) 


CpaBHHBan (9.65), (9.66) c (9.62), (9.63) h (9.62'), (9.63'), o6HapyncHBaeM hx 
nonHyro TOVK.aecTBennocTB. Anaairjupyn nonyHeHHbie peayabTaTBi, movkiio npn- 
nra k cne,nyiomeMy BbiBony. Tax Kax nnn rpa^neHTHbix anercTpiiHecKiix noneil 
A, B (9.19), (9.20), (9.62), (9.63), (9.62'), (9.63') He oGHapyncnBaeTca «cTapno- 
HapHbix» rpa/urcimiBix noneil A 0 h B 0 b cncTeMe K', CBnaaimoil c caMHM ,tbh- 
ncymiiMcn aapanoM e t , to sth non a A, B npencTaBnnioT co6oil He hto HHoe, Kax 
BuxpeBbie rpa/iHcamiBie sneKTpn'iccKnc nona E” (9.65) h E] v (9.66), T.e. 
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= E”, 

(9.67) 

-E'i V , 

(9.68) 


(9.69) 


(9.70) 


r,ne 

A 0 = 0, 

B 0 = 0. 

IIpHHHMafl bo BHHMaHiie (9.19), (9.20), (9.62), (9.63), (9.62'), (9.63'), ycnoBiui 
(9.67), (9.68) neooxo/iHMO CHHTaTb cnpa bc,ijthbbimh ansi hio6oh chctcmbi otchc- 
Ta K 1 . HanpaBJieHne .tbhvk'ciihji v 1 KOTopoii b JiaoopaTopnoH chctomo OTCHCTa K 
iiepnen.iHKyjiflpno k nanpaBJicimio .ibi-ta'ciihh lapa.ia e x . 

ripC,1 nOJTO/KHM TCnepB, HTO B CHCTOMO OTCHCTa K , TBI-T/KV HICHCA CO CKOpO- 
ctbk) Vi , ncpncin hK y. t apnoii k HanpaBJieHiiK) /ibhvkciiiit iapua e h naxo.iHTCi 

3aMKHyTi>iH KOHTyp L. Onpcic.iHM pe3yni>THpyiomyio 3/JC E b 3tom KOHType, 
ansi Hero npciBapiiTciBiio npeo6pa3yeM BBipaAemie ansi pcTyabTupyiomcro 

BiixpeBoro rpanneHTHoro 3JieKTpiiHecKoro nona E® 0 k Biiny 


;oo 

"1 


v 2 

(dAA 

I Vi 1 

f*__ 

f 

c ' 

l dx ) 

r 0 

c 1 

l Sr J 


‘o=—tf|ir 0 + —H ± x 0 . (9.71) 


B cnpaBennHBOCTii cooTiiomcniiii 

L = H 
dx 11 ’ 


8A X 

dr 


= H , 


(9.72) 


moaho nerKO yociHTBCi ncnocpeiCTBCimu m i h <[)(])cp c n 11 h p o b a n h c m . Onpcpc- 
jium poTop (Jiymcmm (71) 


rotE°° = rotE]" + rotE5 v = —- 


dx 


-Po- 


v, dH 


dr 


(9.73) 


Iloiiaraa v 2 = dr/dt , v x = dx/dt ii npoii3BOfla npeo6pa30BaHiui 


rotE? 0 = - —] — 

dx 


l 

v 2 


dt 


m I, 

dx 


o 1 dt 

Po Y - 

c l dr 


dH ± 

dr 


P 0 5 


(9.74) 


3amicn (9.73) moaho npn.TaTb but 




TnaBa 9. O npHpo^e BHxpeBbix rpa^HeHTHbix 3JieiapHHecKHX 
_ noneH paBHOMepHO jBH^cvmeroca 3apana _ 


rotE?°=-i 

c 


f v 2 


Vl 


dH n 


dt 


-Po — 


1 dH, 


dt 
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(9.75) 


Ot npaBOH h neBOH Hacra (9.75) onpe/ienHM HHTerpan no noBepxHOCTH 


JrotE?°dS = - 

s 




dS . 


(9.76) 


IIpHMeHSfl TeopeMy CTOKca n yniiTBiBaa, hto // p 0 = H ± , nepemimeM (9.76) b 
BH^e 



dS-- — 
c dt . 


K ± dS=E i +E. (9.77) 


Bi>ipa>KeHne (9.77) onpenenaeT co6oil 9/)C E, iin/iyunpycMyio BiixpeBBiMH 
OJieKTpuHecKHMH noJisMH E"' h E" ot ohhhohhoto lapa/ia e t b 3aMKHyTOM koh- 
Type L, oxeaThiBaiomcM noBcpxnocTB S. H 3 (9.77) bh.iiio, hto cyviMapnaa 3/JC 
E b 3aMKHyTOM KOHType L onpe.iaiaeTca He tojibko H3BecTHi>iM 3HaneHneM 3/(C 
E 2 ot o,inoro BeKTopHoro MamuTHoro nona H , onpe/icnacMon 3aBHCHMOCTBio 

E 2 =--^f H ^S = --^, (9.78) 

c dt J c dt 

s 


ho onpepcneimBiH BKnan b cyMMapHyio 3/(C E ,iacT h 3/(C E| ot cicajiapHoro 
MarHHTHoro nona H, 


5 =- 



d S . 


(9-79) 


Cne^OBaTenBHO, npn .iBHVKcnim co ckopoctbk) = const ( v 2 -L Vj) 3aMKHyTO- 

ro KOHTypa L b MarHHTHtix non ax H u h Hp ,iBH>Kymcroca co CKopocTtio 
Vi = const lapa/ia e b b hcm oyieT nn/iynnpoBaTBca cyviviapnaa 3/JC E (9.77), 
\ic>K,Ty TeM Kax coBpeMeHHBie npencTaBJicniia ocnoBBiBaioTca Ha nonymenim 
B03M02KH0CTH MIMyKIlHH TOUBKO 0,111013 3/JC E 2 (9.78). 

JS,iw nonHoro onpeneneHini BeKTopHoro nona E° 0 (9.71) ot 3apaaa e\ b chc- 
TeMe oTcneTa K , nan/ievi 3HaHeHiie /iHBeprcnium ero 
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divE? 0 = 


set 0e; v 


dr dx 


V 2 


_V2_ 

(a 2 a} 

c 

^ dxdrj 

C 

K drdx y 


(9.80) 


IlpHHHMaji bo BHHMaHne ( 72 ), a TaioKe hto Vj = dr/dt , nepemimeM ( 9 . 80 ) b bh- 
fle 


r^e 


divEj 


oo 


1 dH n i dH ± V 2 
c dt c dt Vj 


divEJ" 


Ijjh 

c dt 


divEJ v 


1 dH ± ( V*2 N 

c dt Vi 
v 1 / 


( 9 . 81 ) 


(9.82) 

(9.83) 


O/niaKO H3 paBOHCTBa HJieHOB cyMMBi (9.80) mo/K ilo noKa3aTt, hto b paccMaTpii- 
BaeMOM cnynae 

divEj" = divEj v . (9.84) 


3 amicii ( 9 . 81 ) cooTBOTCTByeT 3 amici> b HHTerpantHOH cfiopMe 



j* divE®°£?E = - 



H ± dV .( 9 . 85 ) 


Movktio noica 3 aTB, hto HiiTcpnpcTaiiHH BbipaaceHna (9.85), b KaKoil-TO CTeneHH, 
cxo>Ka c iin t cpnpc t a iih cil BBipavKeiiiu-i (9.77). HanpiiMep, ecnH b paccMOTpeHHOM 
BBirne KOHType L c oxBaTBiBacMoil nnocKoil noBcpxiiocTBio S nono>KHTi> Tonmii- 
Hy KOHTypa paBiioii dh, to /uth (9.85) mo>kho aam-icaTB 



r^e dS = Ldh h dV = Sdh. Ecnn b (9.86) aneMeirrapHyEO TOJiuuiHy dh KOHTypa 
t]iopMan b i io nonoAHTB paBiioii e/ii-mnnc, to b 3 tom cnynae ana jtcboh h npaBoii 
nacTH (9.86) (joopMajiBHO momo 3 aimcaTb 


1 di^s) 

1 

( ±X 
*2_ 

I d{H ± S) 

c dt 

c 

V>'w 

dt 


(9.87) 
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HcTpypiio bm/ictb, hto (jtopMajiBHaa xani-icb (9.87) no CBoeMy (])H3H'iccKOMy co- 
/lepvKanino b KaKon-TO CTeneHH y>Ke cooTBeTCTByeT HHTerpanBHOMy BBipavKcnnio 

(9.77). B nacTHOCTH, ecJin /lonycTHTB cmc E* 1 = const b/iojib KOHTypa L h 
H|| = const, H | = const no Been noBepxHOCTH S KOHTypa, to xuia (9.77) mo>kho 


3anncaTB 


E = e“ 0 l = 


1 

( ±!S 

v 2 


1 ( 8H ± S ) 

c 

l v l J 

dt 

c dt 


(9.88) 


hto y5Ke cxo>Ke c (9.87). 

npe/iCTaBjmcT HHTepec npocJie/iHTB iipuMeiiHMOCTB npenc'TaBJicniiir o rpa- 
XtHeHTHBIX H BHXpeBBIX 3JieKTpHHCCKHX nojwx a 0 , bo, EJ, E', A, B k npaKTHHe- 


ckh .TOCTymiBiM xji a nc cjt c/io b a nnx jiHHenHBiM TOKaM i = const nepeHoca. B na- 
cthocth, npiiHHMaa bo BHHMaHne (9.30), (9.41)-(9.43), (9.65), (9.66), xma pe- 
3ynBTnpyiomnx bcjihhhh sthx nonen ot jthi ici-morc TOKa i movkiio 3anncaTB 
(di] = 0 |Vi dx) 


^a,=^(a 0| +E;.)-0, 

i i 

(9.89) 

Eb,=S(b a(+ E') = - 2v ^ <T 'r a . 

it' c r 

(9.90) 

Z A -=Z s ' - o. 

i i 

(9.91) 

Y J » i =Y J ^- 2v±1 7' 

{ 4 { 4 r r 

(9.92) 


B (9.90) n (9.92) npe/inoJiaracTCH, hto npo6HBin sapa/i e 2 b6jih3h jn-meinioro 
TOKa i\ = const HMeeT ckopoctb v 2 , napajmeJiBHyio CKopocTH V\ iapx/ia Oi dx, n 
CKopocTB V 2 , nepneir/inKy jt xpiiyK) CKopocTH vy 

PaccMOTpnM KOHKpeTHBin cnynan. IlycTB b6jih3h jiHHenHoro /loCTaTcnio 
npoTJDKeHHoro TOKa i = const pacnono>KeH 3aMKHyTBin KOHTyp L ABCD (pnc. 52). 

IlpnxiaxinM KOHTypy L AB cd ckopoctb XBH>KeHiM b HanpaBneHun k npoBOflHH- 
Ky c tokom i\. Ilpn yKa3aHHOM XBHVKcniin iicooxoxhmo onpeaennTB i-m/iynupyc- 
Myio b KOHType L ABCD peiynbTupyiomyio 3/(C E h TaK KaK ckopoctb v 2 /ibhvkc- 
hhs KOHTypa L AB cd b HanpaBJieHHH TOKa i\ paBHa Hynio (v 2 = 0), to x:ia (9.90), 
(9.92) ycTaHaBJiHBaeM 
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M 3 ( 9 . 93 ), ( 9 . 94 ) cuc/iycT, hto b npocTpaHCTBe okojio /iBHacymcrocfl KOHTypa 
Labcd oy/icT cymecTBOBaTt toubko 0/1 no BiixpeBoe rpa/iHcmnoc 'jjtcktph'icckoc 
none ^B ; , h nciicTBonaTB oho oyncT toubko b/iojib ynacTKOB KOHTypa AB h 

i 

CD b HanpaBneHHH, coBna/iaiomcM c nanpaBJieimeM TOKa i. Otckw jiji a pe- 
3 ynBTnpyiomeH 3 ,Z],C Ej b KOHType L AB cd Jienco ycTaHaBJiHBaeM 


^ - ^-ab - B (rj) A 1 ab B (r 2 )Al CD - 


2 viv,a, 


1 1 ) 

-A/, .(9.95) 


HcTpy.ino noKa3aTB, hto tohho k TaKOMy >Ke, KaaanocB 6 bi, pe3ynBTaTy m one no 
npn.TTH. ncnonB3yn coBpeMeHHoe npe/icTaBiienne o MamuTHOM noTOKe <D bck- 
TopHoro MaraiiTHoro nona Hi. HanpuMep, 3annmeM nna pe3ynBTnpyiomeH 3/(C 
E'i b KOHType L AB cd H3BecTHoe BBipanceHne 

£Edl = -i|-fH ± dS = --^. (9.96) 

J C Ot J c ot 

Labcd $ 


Ilojiaraa Rim MarHHTHoro nojia H L JiHHeHHoro TOKa i cnpaBe.zpiHBBiM paBeHCTBO 


H±= — , 


onpeAenHM noTOK MarHHTHoro nona H L nepe 3 KOHTyp L AB cd ( dS = A / dr) 
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2 i f A/j dr 2/A/ x 


-tJ 


(In r i “In r 2 ). 


(9.98) 


Halil cm iipupameime noTOKa <D npn H3MeHeHim r\ h r 2 Ha BemiHUHy dr 


d<t> = 


2 /A/j 


1 1 


I dr. 


(9.99) 


V'l r 2 ) 


noflCTaBJiaa (9.99) b (9.96), ana pe3ym,TnpyiomeH 3fl,C E'i b KOHType L ABC d 
n ax 0,1 hm 


2/A/j j 


_ p 

dr 2v^"v 1 o 1 


_ J_" 

C 1 

v r l 

r 2A 

dt c 2 

v/i 

r 2. 


(9.100) 


hto kojiiihcctbciiiio couna/iacT c (9.95). Otjihhhc peiyuBTaTOB (9.95) n (9.100) 
3aKJiK)HaeTCB b tom, hto ecnH pacimcaTB jieByio nacTB ypaBiieiiioi (9.96) b bh.ic 

^' = EA l AB +EA l BC +EA l CD +EA l DA (9.101) 

HJIH 

E'i = E ab + Esc + E C d + E DA , (9.102) 

to mo>kho bh.ictb, hto HanpaBJieHiie 3/(C Ha ynacTKax KOHTypa AB, BC, CD, DA 
onpc.ic.iiCTca. b ochobhom, npaBHJioM ooxo.ia no KOHTypy L (jiopMajiBiioro no 
cymecTBy MarmiTHoro noToxa <D. CoraacHO 5xe yKa3aHHOMy npaBHJiy ooxo.ia 
MamiiTHoro noToxa <D 3y(C Ha Bcex ynacTxax xoHTypa AB. BC, CD, DA ,io.i>Kiia 
Obitb tojibxo 0,11ioro HanpaBJieHiui, coBira.iaiomcro (ran npoTHBononTOXHoro) c 
HanpaBJieHneM ooxo.ia. npe.iCTaBJieiine o cyMMapHOM MamiiTHOM noToxe <D 
nepe3 noBcpxnocTB S xoHTypa Larch xax obi ycpcniiCT stot noTox n cbo.ihi ero 
x cnynaio hh-Ihimphhcckh ciiMMeTpnHHoro MarmiTHoro noToxa <t 0 Hcpei xoh- 
Typ L 0 , nepiiMeTp xoToporo L = 2nR paBeH nepiiMeTpy paccMaTpnBaeMoro xoH¬ 
Typa L AB cd- B noc-ic.incM cnynae .ichctbhtc.ibiio hmoot MecTO paBOHCTBO 

E' = E cp L = E^IttR , (9.103) 

o/uiaxo stot 'iacTiiBiii cnynan He HMeeT Hiinero o6mero c ,ichctbhtc,ibiioh iih- 
lyxiiiieii BiixpeBtix 3JiexTpiiHecxHX ilo.icii xax b paccMOTpeHHOM Bbirne xoHType 
Labcd, Tax h bo mhothx ipynix npaxTHHecxnx cnynaax. 11 o.itb epvx.ic i me m sto- 
My cnyjxaT MHoroHHCneHHtie 3 kc 11cp hm c i nan b i i bi e iiao-iio/icnini, cornacHO xo- 
ToptiM ,ic il ctb iiTc.i b i ioc pacnpe.icneimc 3,3,C b 3aMXHyTOM xoHType Labcd (puc. 
52) eooTBeTCTByeT to.ibko 3aBHCHM0CTH (9.95). 
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npc.ino-rio>KHM Tenept, hto KOHTyp L ABC d lpnc. 52) HMeeT cKopocTt /ibhvkc- 
him v 2 , coBna^aiomyio c nanpaBJicniievr TOKa i\. B stom cnynae rjul (9.90), 
(9.92) oyncvt HMCTB 


2> 


2v 2 v 1 ct 1 

c 2 r 


l 0 9 


(9.104) 


B p =£b<- s0 - (9.105) 

i 

BeKTop rpa.iHcirmoro sjieKTpiiHecKoro nona b p (9.104) oy/iCT nanpaBJien no 
pa/inycy r h oy/iCT co3,aaBaTB 3JJ.C tojibko Bnonb pa/inanbiibix ynacTKOB KOHTy- 
pa BC h DA. A TaK KaK HanpaBJieHiia nona b p Ha sthx ynacTKax coBna/iaioT /ipyr 
c apyroM, to ana pe3ym.TnpyiomeH 3/(C E 2 b KOHType L ABC d nenocpe/iCTBeimo 
ycTaHaBJiHBaeM 

E 2 = 0. (9.106) 

/T.CHCTBHC ace nona b p Ha ynacTKax KOHTyp a AB h CD 6 y/iCT npiiBO/iHTb toubko k 
nonepeHHOH nonapH 3 aipiH sthx ynacTKOB. ilaimbie bbibo.tbi BnonHe cornacyiOT- 
ca h c jiaOopaTopHbiMH iraoJifo/ieimjiMH. 


3. 3HeprHH BiixpcBbix h ipa/memHbix 3jieKTpnHecKnx nojieii 
paBHOMepHO /jBHacymerocH 3 a psiia 


BbinumeM Bbipaaccima ana rpa/iHeimibix h BiixpcBbix oncKTpunccKHX no- 
jieil ot oaHHOHHoro 3apa/ia e\ b nBnacymciica bmocto c 3apa/io\i e\ chctcmc ot- 
c i icTa K' 


V, e, COS (p 

a 0 = 2 2 x 0> 
c 2 R 2 

(9.107) 

u v 2 e 1 sin tp 

~ 9 9 r 0 ’ 

c 2 R 2 

(9.108) 

E' = 0, 

(9.109) 

E" = 0 , 

(9.110) 

> 

II 

© 

(9.111) 

B = 0. 

(9.112) 

npn paCCMOTpeHHH aOnOJIHHTeJIBHOH CHCTOMBI OTCHCTa K", 

HBHVKymcHCJi na- 


pajUTCJIBHO C CHCTOMOH OTCHCTa K' C OTHOCHTeJIBHOH K HOH CKOpOCTBIO Av 2 , /Uia 
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rpanucimiBix n BiixpeBBix aneRTpunecKiix nonen a 0 , b 0 , E', 
CMaTpnBaeMon cncTeMe OTcneTa K" 6 y/ic\i hmctb 

E", A, B b pac- 

~ v 7 v?e, cos® 

a = a 0 +E = - - V U 0 , 

c 2 R 2 

(9.113) 

~„ v 9 v,^i sirup 

b = b 0 +E = - 2 V , % 0 , 

r~R~ 

(9.114) 

> 

II 

© 

(9.115) 

B = 0. 

(9.116) 

H, HaKOHen, b cncTeMe OTCHCTa K 2 , nBiincymencn nepnen/iHKynapno k cncTeMe 

OTC'ICTa K , COOTBeTCTBeHHO OypCM HMeTB 


a = a 0 +E' = 0, 

(9.117) 

b = b 0 +E" = 0 , 

(9.118) 

V^Vjgj coscp 

^ ~ 2 D 2 r ° ’ 
c R 

(9.119) 

v^v^sincp 

2 D 2 X «- 

(9.120) 


Una onpeaenemia OHepreTHnecKiix cbohctb nonen (9.107)-(9.120) onpeaenHM 
pa6oTy IV. CBepmaeMyio npooiiBiM 3apyi/io\f e 2 npn .ibh/K'ciiiih ero b pac'cviaTpu- 
BaeMtix nonax (pa6oTa b KynoHOBCKOM aneKipunecKOM none HCKmonaeTCfl H3 
paccMOTpemM). nepBOHananBHO no/iBcprncM irccnc/iOBaimio «CTam-ionapiroc» 
rpajineHTHoe oneKTpunecKoe none a 0 (9.107) ot nBiincymeroca co CKopocTtio 
Vj = const no ocn x iapa/ia e, (pnc. 53). 

Onpcncni-iM pa6oTy IV. CBepmaeMyio npo6HBiM iapa/io\( e 2 npn nepeHoce 
ero no ocn x H3 occKonc'inocTH b Tonxy N, naxo/iamyioca Ha ocn x. Tax KaK /ina 

tohkh N yron (p = 0, to ana nonen a 0 , b 0 , A, B, E" mo>kho 3anncaTB 


A - 



Ro 



/?o 


H'V-fv 
- -0-^«- 


Pnc. 53 
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v 1 e x cos (p 

7 X 0 ? 

c-Ro 

(9.121) 

cT 

II 

o 

pfi 

(9.122) 

A = 0, 

(9.123) 

B = 0, 

(9.124) 

E" = 0, 

(9.125) 


rae R 0 - pac'CToaiiHC tohkh N ot 3apaaa e.\. OTHoeiiTentHO ace BuxpeBoro rpann- 
eHTHoro 3JTc KTp h 'icc ko ro nona E' aonycTHM, hto npo6HBiH japan e 2 , Haxoaa- 
miinca Ha occkoiichiiocth ot aapana e\, HMeeT cKopocTt V 2 = (vi + 8v 2 ), othh- 
naiomyioca Ha Manyio BemiHHHy 5v 2 ot CKopocra V\ aapana e\ h Mcaneimo aoro- 
iihct ero no och x, coBcpmaa npn 3tom pa6oTy W. B 3tom cnynae ana BuxpeBoro 


rpa/iHcmnoro oneRTpunecKoro non a E' oyncvi hmctb 

8v 2 v^i 


E' = - 


c 2 Rl 


■ 0 . 


(9.126) 


TaKHM o6pa30M, npn McnncimoM nepeHoce npo6Horo aapaaa e 2 H3 6ecico- 
HenHocTH b TOHKy N ocHOBHaa pa6oTa oyncT coBepmaTtca toubko b rpaanciiT- 
hom 3JieKTpHHecKOM none a 0 (9.121). Ilpn aocTHaccnnii npo6HBiM aapanoM toh- 

kh N ana pa6oTti W b none a 0 , c yneTOM nona E' (9.126), MoacHO 3anHcaTB 

00 

W= J(a 0 +E> 2 dR. (9.127) 

*0 


IIoacTaBnaa (9.121), (9.126) b (9.127), 6 yaeM hmctb 


W = 


e 2 e 1 v 1 - + e 2 e 1 8v 2 v 1 


C 2 Ra 


C 2 Ra 


(9.128) 


IIpHHHMaa bo BHHMaHHe (9.126), hto Sv 2 « V|, ana (9.128) OKonnaTcninio Ha- 

XOaHM 


W = 


C 2 R n 


(9.129) 


He aKncirmpya BHHMaHHe, hto npeacTaBnaeT co6oh, c cj)H3HHecKOH tohkh 3pe- 
Hua, 3Heprna W (9.129), noacHeHna no KOTopoil 6yayT aaHBi mince, noxa ace 
cneayeT otmcthtb, hto pa6oTa W nepeHoca npo6Horo 3apaaa e 2 H3 occKonenno 
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CTH B TOHKy ,V ' (pHC. 53) M CTO,BOM MOp-PCII IIO TO OTCTaBailHJI. TBK5KC OKa3bIBaeTCa 
paBHOH 


w = 

ripC.TnO-TOVKHM TCnCpb, HTO 
npo6Hi>iH iapap e 2 , hmcioiuhh cko- 
pocTB V 2 = Vi h naxopamniica Ha 
OccKoncnioM yuaneHim ot japapa e\ 
no ocn z (puc. 54), MepneHHO npn- 
OJiiivKacTCfl k iapapy e\ po tohkii N 
3a c'ict HajiHHHB y japapa e\ none- 

pcnioii CKopocni 5v 2 . /],im pa in to ro 
cnynaa, npn yrae (p = 90°, He paB- 
hbimh Hyjiio nonaMH, ohcbhpiio, 6y- 
pyr nona b 0 (9.108) h B (9.120), T.e. 


g 2 g l v l 

c 2 R n 


(9.130) 


r * 


ip 0 

i 

vi 


v t 

-£>—*■ 


Phc. 54 


B, 


v i g i 

2 D 2 

c R 

8v^"Vjej 

2 r>2 

c R 


*o> 


(9.131) 


(9.132) 


OpiiaKO, Tax KaK none B npn nepeMemeHiin npoonoro japapa e 2 no ocn z coapa- 
eT tojibko nonepenHyio enny, to paooTa W oypcT ooycPOBPeiia TenepB tojibko 
noneM b 0 




I 


dR_ 

R 2 


e 2^\ 

C 2 Ra 


(9.133) 


HTO BHOBb TTOKpeCTBeHHO c (9.129), (9.130). 

PaccMOTpiiM Tenepb o6mnn cnynan, Korpa npo6Hbin aapap e 2 nepeMemaeT- 
ca H3 Gcckoiichiiocth b npon3BonbHyio TOHKy N ’ (pnc. 54), naxopamyioca Ha 
paccToaHiiii Ri, ot aapapa e\. JJjw nepeMememia npo6Horo aapapa e 2 H3 6ecKO- 


HeHHocTH b TOHKy N ’ Bocnonb3yeMca BHOBb ookobbim nepeMemeHiieM ero co 
CKopoeTbio Svj- no och z 1 . He paBHbiMH nypio nonaMH b pa hi tom cnynae oypyT 
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b 0 

Ao 

B 0 


v x e x sin cp 

99 r 0 ? 

c~R 2 

(9.135) 

Sv 2 V\e\ coscp 

7 „ 2 r 0 ’ 

c-R 2 

(9.136) 

Sv^ v 1 e 1 sin cp 

2 r> 2 X 0- 

(9.137) 


riona a 0 (9.134) h B (9.137) C03/iai0T chjibi, ncpncipTHKynapiiBic k nepeMeme- 
hhk) iapa.aa e 2 , h b paooTC W ynacTiM He npuHHMaioT. Cnc/iOBaTciiBno, nim pa- 
OOTBI W M05KH0 oy.TCT 3anncaTi> 

00 

W = J(b 0 +A)e 2 dR . (9.138) 

*0 


IIpHHHMaa bo BHHMaHHe, hto sin (p = r/R, cos (p = x/R. anx (9.138) 6 y/ic\( hmctb 


W = - 


e 2 e \ v l 


r dr 


(x 2 + r 2 ) 3/2 


e 2^1 v 2 v l f 

c 2 J 


xdr 


(x 2 +r 2 f 2 


(9.139) 


W = ^p^ + 8W 

c-R „ 


(9.140) 


r^e 8W —> 0 npn 8 v^" —> 0. 

TaKHM o6pa30M, H3 paccMOTpeHHoro Btime npoc m a Tp h b a ctc h onpepciicn- 
nax 3aKOHOMepHOCTB, hto b .iBH’A'ymeiicH cucTeMe OTcneTa K'. CBA-saimoil c 3a- 
paflOM e\, cocTOMHue rioKoa ripoonoro japa/ia e? b cucTeMe OTcneTa K' Ha pac- 
ctohhhh R ot sapa/ia e\ b ero «CTannonapiiBix» rpa/iHemiiBix nonax a 0 h b 0 cbji- 
3aHO c iioabjiciihcm y npoonoro sapa/ia e 2 AonoJiHiiTenBHOH noTeHunantHOH 
3Heprnn U, paBHOH -W (9.129), (9.130), (9.133), (9.140). Kaic 6yaeT noKa3aHO 
HH>Ke, /raimaa noTcnnnajiBnafl jnepriui U HMeeT aHajiorHHHoe 3iiaHcnne h b no- 
Koamenca na6opaTopHOH cucTeMe OTcneTa K' (pejMTHBHCTCKHe npeo6pa30Bamisi 
KoopflHHaT h noneii b pcanBHOM 0K0H03eMH0M npoeipaHCTBe rpaBHTauHOHHoro 
nona h cj)H3HHecKoro BaKyyMa HenpuMeHHMBi [4-11]). 

JI,nx onpeaeneHiM c|)H3HHecKoro CMticna 3HepniH W (9.129), (9.130), 
(9.133), (9.140) onpeaenHM 3Hepriiio MarHHTHoro B3aHMO,neHCTBH5i W m flByx 
ZIBH>KymHXCH napamienBHO co CKopocTtio v, = v 2 iapji/iOB e, h e 2 (pnc. 55), hc- 
IlO-Bbaya H3BeCTHyiO (JjyHKHHOHajIBHyiO 3aBHCHMOCTB BH.ia 
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w »=h\ HldV ' 


(9.141) 


IIpeXIBapHTeJIBHO yOC/lHMCa B npHMeHHMOCTH 3aBHCHMOCTH 
(9.141) ansi cnynaa o/inncnioro ;iBH>Kyincroca co CKopocTBio V\ 
iapa/ia e\. IIpHHHMaa bo BHHMaHne cymecTBOBaHHe b npocTpaH- 
CTBe okoho /iBnacymeroca iapa/ia e, /iByx TimoB Mann-miBix no- 
JT6H H ± h Hi [12, 18-21] 




©- 


Vt 


H ± 

_ 1 

e \ v \ 




- sin cp , 


c 

7? 2 


H \\ = 

1 

e,V| 




COS(p, 


c 

7? 2 



Pnc. 55 

(9.142) 

(9.143) 


ansi nojiHoil SHepriin Mann-miBix noneil // h II motkho aanncaTB 

X 2 


W H = — 

8 71 


jwl+Hiy.v=±-^1,7=1 LJ 

V V V 


fi^i 

cR : 


dV, (9.144) 


pnc //„ - (])op\tanbnaa 3aBHcnMOCTB ansi nonHoro MarHHTHoro nona, onpenenae- 
Moro KaK 




H n =JH 2 + // 2 


(9.145) 


Ilpennonaraa CTpyKTypy iapa/ia e\ b bh,ic ct])epbi pa/inyca r 0 , ansi anepro h W h 
(9.145) MarHHTHtix noneil // n II 6y,ic\i HMeTb 


w H 


(9.146) 


c r f 


o 


IlpHMeHHTejiBHO k 3apjmy 3JieKTpoHa, /ma KOToporo cnpaBeOTHBO 

m 0 c 2 = e 2 /r 0 , (9.147) 

3anncb (9.146) eooTBeTCTByeT 


W„=- 


m a v 


0 y -L 


= W r 


(9.148) 


T.e. SHeprna Wh nonHoro MarHHTHoro nona //„ TO'/KnccTBcnno paBHa khiicth'ic- 
ckoh SHeprnn nBiincymeroca iapa/ia [20, 21]. 
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TaKHM o6pa30M, nonyneHHBie pe3ynBTaTBi (9.146), (9.148) npo/ic 6 bi non- 
TncpvK.iaioT npHCMJieMOCTB 3aBHCHMOCTH (9.141) ana onpenenemui SHeprrai 
MarmiTHBix noneil o/iHiiciiioro /iBiivKymcrocn lapa/ia. O/maKO, KaK noKa3BiBaioT 
HCCHe^OBaHHa, nOIIBITKH HCn0nB30Baffll5I (jiyHKHHOHanBHOil 3aBHCHMOCTH (9.141) 
aim onpenenemiii SHepraii MarmiTHBix noneil oniiOBpcMcinio ot /ibvx h 6onee 
flBiDKymiixca lapa/ioB, 11 a t a n k h b a i o t c h Ha Tpy.inocTH npiiHunmiajiBHoro xapax- 
Tepa. /)a>K'c ecnn /loiiycTiiTB. hto b npocTpaHCTBe OKono /iByx /iBiivKymiixcii 3a- 
paflOB e t h e 2 (naiiooncc npocTeiimmi cnynail) cymecTByeT tohbko o/ihii Tiin 
BeKTopHoro MarHiiTHoro noun H , to ,ia>KC b stom cnynae iiiBCCTiiaa (JjyHKU,no- 
HaJiBHan 3aBHCHMOCTB (9.141) nnn incprwi MarmiTHBix noneil ot /ibvx ,iBH>Ky- 
muxcn iapn.ioB e x 11 e 2 

00 00 00 

W H =^Hl l dV + ^H LV ll L2 dV + j-^Hl 1 dV (9.149) 

8V 8V 8V 

o6Hapy^cHBaeT onpe^ejieHHyio orpaHHHeHHOCTb. B nacTHOCTH, npH onpe^ene- 
HHH 3HeprHH MarHHTHOrO B3aHMOZieHCTBHa Wb 3 £ByX TOHeHHBIX ^BH^cymnxca 

3apa^0B 6\ h e 2 

00 

W m =^-[B. n -B.^dV (9.150) 

8ji J 

5V 

ananoni'ino KaK 11 nnn cnynan 3iicprnn sneKTpiiHecKoro B3aii\(o,3ciicTBH>i W B 3 
[22-24] 

00 

= -y- fE t E 2 dV , (9.151) 

8ji J 

5V 

o6Hapy>KHBaioTC)i HeKOTopBie Tpy/iiiocTH b BBiHiicnemiii 11 HiiTcpnpcTaiiHH 3Hep- 
thh (9.150). O/maKO, ecnn b cnynae c aiiepnieil sneRTpunecKoro BiaiiMO/iciicT- 
bhh Whs (9.151) OKaiBiBacTca enje boimovkiibim bbihth 113 iiono>KcnnH. npoii3- 
BOJIBHO IianOVKHB OrpaHHHeffllfl A V 113 HI15KHI1H npCPICn HIITCfpHpOBaIIH3 

00 

Je^F, (9.152) 

AV 

to nna cnynan MariiHTiioro B3aiiMO,TciicTBHPi W B j (9.150) /ibvx ,iBHVKymnxcn 
iapn/ioB e\ ii e 2 , c v'ictom cymecTBOBamia y 3apn/ioB /iByx TiinoB MarmiTHBix 
noneil H 11 II. /ia>KC BBimeyKa3aHHBie npoii3BonBHBie orpaiiH'iciiHH He npiiBO- 
nnT ynce k npneMneMBiM pe3ynBTaTaM. OoycnoBncuo sto TeM, hto npn yncTC 2-x 
TiinoB MarHHTHBix noneil H . II nBiincymuxcn lapa/ioB e x 11 e 2 OKa3BiBaeTcn He 
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nOHJITHBIM, KaK MOryT Cy MMH pOBaT B C H B 3aBHCHMOCTH (9.149) BeKTOpHBie H L], 
H ± 2 h cicajiapHBie II \\. II, 2 Marni-n tibic nona \ic>Kpy co6oil - no npaBimy BeKTO- 
poB nun no npaBiiny CKanapoB. Ecnn ace ociiobbibhtbcsi Ha npencTaBuennn o 
nonHOM MarHHTHOM none H nI h H n2 ABHacynpixcB lapnnoB e\ h e 2 , to oripenc- 
neHHoe coMHeHne BBi3BiBaeT caMa 3aBnciiMocTB (9.145) nna nonHoro MarHHTHo- 
ro noun H n . 

OAHaKo, TeM He MeHee, ecnn bhobb oopaTHTBcn k 3aBHCHM0CTH (9.145) aim 
nonHoro MarHHTHoro nona II,, h BBinncaTB ee coBMecTHO co CKanapHBiMH BBipa- 
aCeffliaMH MarHHTHBIX noneil II, M II B BH/IC 


1 ev . 

H ± =-— sincp, 

c R - 

(9.153) 

1 ev 

H I, =-—cos tp, 

" C R 2 

(9.154) 

^n=V 

h\ +hI , 

(9.155) 

to o6pamaeT Ha ce6a BiiiiMannc tot (j)aKT, hto cornacHO ianncn (9.155) onpcnc- 
naeTca oobi'iiio MOAynB BeKTopa \II„ |, T.e. 


\h\ +Hl , 

(9.156) 

a BBipaacemia (153), (154) eooTBeTCTByioT MOAynio KOMnoHeHT BeKTopa H n (b 
AHnnHApunecKOH cucTeMe KoopAHHaT) 

HL = |n„ | = 

1 e x v l . 

sin <pr 0 

C R- 

(9.157) 

JC! 

II 

a = 

II 

1 <2| V, 

-— coscpx 0 

c R 2 

(9.158) 


Ho b TaKOM cnynae AJia BCKTopa nonHoro MarHHTHoro nona H n cneAyeT, one- 
bhaho, sanncaTB 

H n =i^R. (9.159) 

c R 3 

C npeACTaBneHneM nonHoro MarHHTHoro nona H n (9.159) KaK BCKTopnoii 
BemiHHHBi c(J)epHnecKH ciiMMCTpii'inoro nona, BBipaacemia (9.153), (9.154), 
(9.155) cpa3y ace npno6peTaioT BnonHe onpeAeneHHBin ([Hiin'iccKnii cMBicn. 
OAHOBpeMeHHo pa3pemaioTca h TpyAHocTH c cyMMiipoBaHiieM «BeKTopHBix» H 
(9.153) h «CKanapHBix» / / (9.154) MarHHTHBix rioncii ABiincymiixca 3apaAOB e\ h 
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«CKanapHi>ix» H (9.154) MarHHTHtix nonefi /iBHVKymiixcTi iapa/ioB e x h e 2 npn 
onpe/icucniiH sHepriin W H b 3 an mo/ic ii ct b y 10 i h hx MarHHTHtix noneil 

w H =±-\(nl x +Yil 2 ) 2 dv = 

V 

= — \hI x dV + —\ H -H 2 dV + — \h1 2 dV . (9.160) 

871J 871J 8 71 J 

V V V 

C yncTOM orpaim'icimii Ha hhtkhhh npe/icn HiiTcrpupoBannH b cpc.incM HHTe- 
rpane (JjyHKUHOHajiBHaa 3aBHCHMOCTB (9.160) AaeT y>Ke npneMJieMBie pe3yntTa- 
tbi Kax aim coDCTBcnnoil sHepniii MarHHTHtix noneil /iBH>fcymnxc7i lapi/ioB e x h 
6i, TaK H ,1.371 SHeprHH MarHIlTHOTO BiaHMO/ICHCTBHJI MC/K.iy HHMH. 

BtinniueM H3 (9.160) hucii, cooTBeTCTByiomiiH inepniii b 3 a hm o,i c ii c t b ii>i 
MarHHTHtix noneil H n n H n2 viOK.iy co6oh am cnynan 2-x napannentHO /ibii- 
•/KymuxcTi iapi.ioB e x h e 2 

^ = ^j Hnl ' Hn2 dV ■ (9 ' 161) 

v 

JJjisi ynpoiHcniia paciCTOB /lonycTiivi. hto lapa/iti e h e 2 ;iBH>KyTCH c o.imiaKO- 
bbimh CKopocTHMii V| = v 2 B.io.iB och x Ha paccTOJiHini R 0 /ipyr ot /ipyra 
(puc. 56). B 3tom cnynae rjul inepniii MarHHTHoro Biaiivio/iciicTBHTi Wb 3 (9.161) 
flBHTKymuxcfl lapi/ioB e x h e 2 cnc/iyeT lamicaTB 

= in I HnlHn2 cosydV ’ (9.162) 

v 

pic y - yron \ic>K/iy BCKTopavni H nl n H n2 . 

IlpHHHMaa bo biih via line, hto ansi noneil //,, 1 h // ll2 MO/Kiio 3anncaTt 



Phc. 56 
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„ _ 1 e i V l 

c r, 


TT _ 1 e 2 v 2 

H n2 - y~ 

c ri 


EcJIH COS y BBipa3HTb B BH^e 


cos y = - 


r 2 + r \ - Rq 


2 r \ r 2 


ana (9.162) noaynnM 


W m = 


e \ v l e 2 v 2 f r 2 + r \ ~ R 0 


4nc 


r 


O 3 3 
2r x r 2 


dV. 


IIoHCTaBnaa b (9.166) 


r i = r \ ~ 2r i R o cosy + Rl, 
dV = 2nr x sin y c/cp dr x 


h npoH3BOfla ynpoinciniH. oy/iCM hmctb 


W m =- 


l v l e 2 v 2 J J 


h <P 


(rj - 7? 0 cos (p) sin (p dcp dr x 
(r x - 2r x R 0 cosy + i? 0 2 ) 3/2 
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(9.163) 

(9.164) 

(9.165) 

(9.166) 


(9.167) 


HHTerpnpya no ymy (p n noacTaBnaa npenenti HHTerpnpoBaHHa <pj 
ana (9.167) HaxonnM 


W„. 


e i v i e 2 v 2 r d >\ 

2 12' 
c J r x 


0 h q> 2 = n. 


(9.168) 


Bbc/icm orpaHiineHHa Ha hhhchhh npeaea HHTerpupoBaHna Tax ace, KaK oto 6 bi- 
jio cncaano b (9.152). B nacTHOCTH, hidkhhh npeaea HHTerpupoBaHna b (9.168) 
nonoacHM paBHBiM paccToamno Ro mok/iv nBnacymuMucs 3apa,ia\iH e x n e 2 (bbc- 
.nefflie n 0,306 no ro orpairn'icimn oOycaoBacno, KaK 3 to 6 bijio otmchciio bbiiiic, 


orpaHHHeHHOCTBio cJjyHKHHOHaJiBHon 3aBHCHM0CTH Buna (9.141) ana caynaa cnc- 
TeMti ,iByx h 6oaee aapaaoB) 


W m = - 


e l v l e 2 v 2 f dr \ e \ v \ e 2 v 2 


'I 


c 2 R n 


(9.169) 


npn oainiaKOBoii cKopocni v x = v 2 ,3BH>Kcnii3 aapaaoB e x n e 2 no ocn x (pnc. 56) 
H3 (9.169) ncnocpeacTBeimo ycTaHaBanBaeM 
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W m =■ 


g l g 2 v l 

c 2 R n 


(9.170) 


hto TcmyiecTBeHHo c (9.129), (9.130), (9.133), (9.140). 

TaKHM o6pa30M, conocTaBJiaa pe3ynbTaTBi (9.129), (9.130), (9.133), (9.140) 
c (9.170), mtokho yace c .locTOBcpnocThio yTBcp>K,3aTB, hto paooTa nepeHoca 
11 poo no ro 3apa,ia e 2 b «CTanHonapnBix» rpa/iHcnniBix sjieKTpiiHecKHX nonax a 0 , 
b 0 (9.107), (9.108) npe/icTannacT co6oh He hto HHoe, KaK nneprmo MarmiTHoro 
B3aHMoaeHCTBiM Wb3 (9.161), (9.170) /inyx /jBHacymuxca napannenBHO 3apa.no b 
e\ h e 2 , naxonamoxca b pace mbt pn Bae m bi il momciit Ha paccToaHiin R,, npyr ot 
/ipyra. Eonee toto, H3 (9.169) bi-mho, hto ckopoctb v 2 npo6Horo aapa.na e 2 mo- 

>KeT OBITB H OTJIHHHOH OT CKOpOCTH V\ iapa.ia e\ no BeHHHHHe, O.TIiaKO B 3TOM 

cnynae BHeprun MarHHTHoro B3an mo,tc il ctbh a JVb3 (9.169) 

e, v,e 2 v 2 

1 ^ 2 2 (9.171) 

C R(: 


oy.TCT eooTBeTCTBOBaTB yace pa6oTa W He b «CTannonapnBix» rpanHcnTiiBix 
3JieKTpHHecKnx nonax a 0 , b 0 (9.107), (9.108), a b cooTBeTCTByiomux «,THna\iH- 
necKHX» rpannem tibix sneKTpiiHecKHX nonax a 0 , b 0 (9.113), (9.114). H 3 nony- 
neHHoro ToayiecTBa (9.129), (9.130), (9.133), (9.140) c (9.170) cnenyeT Taicace, 
hto ipaziHeHTHtie 3JieKTpHHecKne non a a 0 , b 0 (9.107), (9.108) nBH>Kyineroca 
3apana e\ (JiyHKHHOHajiBHO nonacHBi jierKO BBipaacaTBca ncpci MarHHTHBie nona 
H\ h // . /(na toto hto6bi yoc.THTBca b stom, 3amimeM non a a 0 (9.107) h b 0 
(9.108) b BH^e 


a 


0 



e l v l 

—-coscp x 0 , 
R 2 ) 


(9.172) 


b 0 



e,v l . 

— sin cp r 0 . 

R 2 


(9.173) 


npHHHMaa bo BHHMaHHe (9.153), (9.154), (9.172), (9.173) mo>kho eme 3anH- 

caTB 

a o=—^n x o, (9.174) 

c 

V? 

b 0 = —H ± r 0 . 
c 


(9.175) 
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ConocTaBnaa rpa/iHemnoc nncKTpH'iccKoc none b 0 (9.175) c oneKipunecKHM 
noneM E onpeneJiaeMBiM H3 cjjopMyjiBi JIopeHpa 

= ~[ v 2 x H xl ] = — (E7j_)[x 0 x )3 0 ] = —(H ± )r 0 , (9.176) 

c c c 

o6Hapy>KHBaeM 3aMeTHoe nx cxo.ictbo. C ([ih'jhhcckoh tohkii jpenna otjihhhb 
M e>KAy HHMH 3aKMOHaK)TCa B TOM, HTO B (9.175) C/IHim'IIlMH BeKTOp r 0 o ripen c- 

jiaeT cooon nanpaBnennc KOMnonciiTBi II H nonHoro MamuTHoro non a 

i 1 e.v, 

H n =-— sin tpr 0 , (9.177) 

c R- 

Me>KAy TeM Kax b (9.176) cpniin'inBin bcktop r 0 He HMeeT HenocpenciBeHHoii 
(J)H 3 HHeCK 0 H CBH 3 H HH C IianpaBJICIIIICM BCKTOpa MarHHTHOTO nOJIH Hj_|, HH 
c HanpaBJieHneM BeKTopa ckopocth v 2 . Ecjih npnnaTB bo BHHMaHiie, hto yneT 
tojibko o/inoro BeKTopHoro MamuTHoro non a H b (9.176) He onpenenacT co- 
6 on n ,tc ii ctb men b noro nanpanncnna chjibi Ha npo6Hi>in japan e 2 , to (JiopManB- 
naa cynmocTB 3anncn (9.176) OKaiBiBacTca onem-innon. AHanoniHHBiM o6pa30M 
mo’/Kiio onpcncnnTi> (JiopManbnyio cymnocTB nanpanncnna bcktop a 3JieKTpnne- 
ckoto non a E"^, onpcncnacMoro H3 (])op\tynBi MamnTHoro BjaHMoncncTBiia 
(9.47) >icpc3 op no CKanapnoe MamuTHoe none 

E 3,j, =—(v 2 -Hp) = —(//„!)x 0 , (9.178) 

c "c 

rnc cnniin'inBin bcktop r 0 , onaxb nee, He HMeeT ncnocpcncTBcnnon (]jh3hhcckoh 
CBB 3H C MaTHHTHBIM n0.3CM II.. H3 paCCMOTpeHHOTO BbIHie M05KH0 3aKJH0HHTb, 
hto tojibko npcHCTaBjicnnc o nonHOM MarHHTHOM nojie H n nacT bo3mo>khoctb 
ycTaHOBHTB ncnocpcncTBcnnyio c[)H3HHecKyio h (])ynKnnonaj7Bnyio BjaHMoenajB 
MC/K.ny nanpaBncnnaMH KOMnoHeHT a 0 n b 0 BeKTopa oncKTpHHccKoro iiona 
(a 0 + b 0 ) h HanpaBJieHneM KOMnoHeHT II I h H n BeKTopa MarHHTHoro nona H n , 
T.e. 


Vo II 

a 0 = — H» 

(9.179) 

c 

Vo | 

bn = —Hf. 

(9.180) 

C 

Vo 

a 0 + ^0 = . 
c 

(9.181) 


OTKyna cnenyeT 



522 


3JIEKTP0^HHAMHKA <MI3IIHECKOrO BAKYYMA 


Ecjih ac npniiHTb bo BHHMaHHe eme Te Tpy,inocTH. k kotopbim npHBO.iHT npejj- 
CTaBneHiM o BeKTopHOM Hi (9.4) h CKanspHOM II (9.5) Mann-miBix nonax npn 
onpc.icncniiH ineprn h ManmniBix iio.tch ot chctombi aapa.ioB, to m (9.179)- 
(9.181), b cbok) ciepe/iB, nanpamiiBacTca bbibo,i, hto npuMcnuMOCTB npc.iCTaB- 
neHHH o /laniiBix nonax Hi h II TaK>Ke 11co6xo.i hmo CHHTaTB orpaiiHHcnnoH. 

nocne ycTaHOBJiemiii nonHoro cootbctctbhh (9.129), (9.130), (9.133), 
(9.140) c (9.170) ana nacTHoro cjiynaa napannenBHoro .HBiinceHiia 2-x 3apanoB 
no aHajiornii moaho nonBiTaTBca TenepB paccMOTpeTB n cnynail c ncpncn/niKy- 

napHOH CKopocTBio v 2 /ibha'ciihi npo6Horo lapa/ia e 2 b BiixpeBBix rpa.iHciiT- 


hbix iJTCKTpH'iccKHx nonax A (9.119) ii B (9.120). Tax Kax nepeMememie npo6- 
Horo lapa/ia e 2 b BiixpeBOM rpa/iiieiiTnoM ojieKTpiinecKOM none B BBBBiBaeT no- 
yiB.icnnc chjibi, n c p n c h,ih Ky n a p n o M k HanpaBiieHHio ncpeMcmeniia, to 3Ta cu.ia 
paooTBi He coBepmaeT n moact 6bitb HCK.iKi'iena H3 paccMOTpcniia. /( na paooTBi 
ac W 1 nepcMcineniia npo6Horo lapa/ia e 2 b BiixpeBOM rpa/iiiemiioM sneKTpiine- 
ckom none A momo 3anncaTB 


W ± =- 


v 2 v 1 e 2 e l 


\ 


xdr 
3 ~ 


v 2 Vje 2 e 




4 


:dr 


(x 2 + r 2 ) 3/2 


(9.182) 


O.inaKO 3Ta paooTa W L (9.182) He oy/iCT vac eooTBeTCTBOBaTB incpran W B3 Mar- 
HHTHoro BianMo.iciicTBHH nepncn.iHKynapno .iBHAyinnxcH lapa/ioB e\ n e 2 , Tax 
Kax Taxon 3Heprnen oona/iaioT tojibko rpa/iiieimiBic incKipn'iecKnc nona a 0 , b 0 . 
Jinn cnynaa ac nepncn.iHKynapno /iBHAymnxca lapa/ioB e t n e 2 rpannem tibic 
3JieKTpHnecKne nona a 0 , b 0 b cncTeMe npoonoro iapa,ia e 2 Bccr.ia ociaioTca paB- 
HBIMH HyjIK), B TO Bp CM! KaK BHXpeBBie rpa/lHCIITIlBIC 3-lCKTpHHCCKHC IlO.ia A H B 
ooyc.iOB.iHBaioT co6on toubko ynpyroe BiaHMO/iciicTBiic lapa/ioB e\ n e 2 . Ilpn 
3tom paooTa W 1 (9.182) Kax pa3 n onpc.ic.iacT sncpriiio ynpyroro BiaiiMO/iciicT- 
Biia nepnen/iiiKynapno /iBHAymnxca lapa/ioB. 


3. PaSoTa no.mpnsamm 4>H3HHecKoro BaKyyivia b rpa^neHTHbix 
3 JieKTpnHecKHx nonax h 3 HeprnH MarHHTHbix nojieii .(bhavtuhxch sapsiioi; 

Han/icnnoc BBinie nonHoe eooTBeTCTBiie MCA/iy paooToii W b rpa/iHciiTiiBix 
3 jt c KTp n 'i c c k n x ii on ax a 0 , b 0 (ii.in a, b) /iBHAymnxca napannenBHO lapa/ioB ty n 
e 2 c 3Heprnen MarHHTHoro BiaHMO/iciicTBiia W K , MCA.iy sthmh >Ke lapa/iaMH Bee 
ace He ,iacT eme nonHoro npe/iCTaB.ieniia o (jmwiccKoii cynuiocTU inepnin sthx 
rio-icil a 0 , b 0 (huh a, b). OrpanmieimocTB /lammix npc.iCTaB.icimii Bii/uia, xoTa 
6 bi, b tom, hto c riOMOiHBio hx He npe.iCTaB.iacTca bo3mo>khbim onpc.ic.iiiTB co6 
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CTBGHHyio SHeprmo W a , IV/, 3thx nonei!, ammoni'ino codctbciiiioh oncprmi Wh 
MarHHTHBix nonefi /iBiivKyimixca 3apa/ioB. B cbjibh c sthm, aim onpc.icjicima 
nonHOH aiiepniH W„j, rpa/iiieimiBix sneRTpiiHecKiix nonefi a 0 , b 0 Bocno:iB3yeMca 
npeACTaBneHHeM o iiojiapiiianiioimBix cBoiicTBax cpe/ibi (])H3H'iccKoro BaxyyMa 
aHanornHHO, Kax sto 6bijio paccMOTpeHO ana cjiynaa iiiepniH KynoHOBCKiix 
3JieKTpnHecKnx noneH [24]. Onpe/icniiM 3Heprnio W nh rpa/iiieimiBix sneRTpune- 
ckhx nonefi a 0 , b 0 ncpca pa6oTy nonapH3au,HH BaKyyMHOH cpe/ibi 

00 

lV aJ , = ^j*(a 0| +b 0l )e 0i dr { , (9.183) 

r 0 

r^e e 0i - nojiapH3au,HOHHi>m 3ap kj\ BaKyyMHOH cpe^ti ot 3ap^ma e\ 


e 0i =i-jE 1 dS = -e 1 . (9.184) 

s 

C yneTOM (9.107), (9.108) n (9.184), aim paOoTBi nonapH3an,HH BaKyyMHOH cpe- 
/IBI 6y,lCM HMCTB 


W„ 


2 oo 2 

v i e i e o, r dr _ v f e i e o, 

t 2 I 2 _ T 2 ’ 

2c J r 2c r 0 

r o 


(9.185) 


r^e r 0 - pannyc 3apana e\. Tax Kax ;ma 3apana e 0 cnpaBennnBO (9.184), to ana 
paooTBi nojiapi-naunn W„,b (9.185) movkiio eme 3anncaTb 


W„ h =- 


, 2 2 
1 v, e. 


(9.186) 


r,c 


ConocTaBnaa paooTy nonaproaHHH W a j, (9.186) BaKyyMHon cpe/ibi rpa/iHeiiT- 
hbimh 3jt c kt pn l iec k n m n nonaMH a 0] , b 0 TiBiivKy mcroca 3apa/ia e\ c anepnicil 

Wh (9.146) MarHHTHBix noneil H±, II 3Toro ace 3apa/ia e\, ooiiapyvKHBacM iioji- 
HOe HX TOVK/1CCTBO 

Wat=W H . (9.187) 

npennonoacHM TenepB, hto HMeeTca cucTeMa H3 2-x napannenBHO /ibhvkv- 
muxca c o.THiiaKOBBiM h cKopocTaMH V| = V 2 3apa/ioB e\ h e 2 (puc. 54). Jin a pa6o- 
tbi nojiapH3au,HH BaKyyMHOH cpcpbi b stom cnynae movkiio 3aniicaTB [24] 
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w 0 =- 

0 2 


r j ( a 0 j +b 0l )(e 0l +e 02 )^r 1 +^J(a 02 + b 02 )(e 0< + e 0i ) dr 2 ,(9. 


188) 


r/ic e 0] - nonapH 3 au,HOHHi>ra iapa,i BaKyyMiioii cpe/ibi ot lapa/ia e,; e 0 - no:ia- 

pH 3 apHOHHi>ra aapai BaKyyMHoil cpe/ibi ot aapa/ia e 2 . 3amicb (9.188) MoaceT 
6biTi> npc.icTaB.riciia eme b bhic 



+ b o, )% dr \ + 


1 

+ — 
2 



-bo, ) e o- 


t/rj + 


l (a 


- b o, ) e o 




+ 


1 

+ — 
2 


( a 0, + b 0, ) e 0, 


(9.189) 


Ecjih cpaBHHTB nepBtiH h nocnenHHH HJieHbi cnpaBa c ( 9 . 183 ), to oonapyvKHBa- 
eM, 'ito ohh npc.TCTa bjihiot co6oil pa6oTy W\ h W 2 noiiapH3apHH BaKyyMiioii 
Cpe.TBI OT/1CTIBHO 0,111 HM C H ,ip\THM e 2 lapa.lOM, T.e. npClCTaB.iaiOl Co6oil C06- 
CTBOHHyio 3 Heprnio 11 )/ h W H , MarHHTHBix noneil ot o.t 110ro h ipyroro lapa.ia 


e,e 0 vf 

2r 0 c 2 

(9.190) 

Vj 

(9.191) 


2 r 0 c 


Cpciimil >kc HJieH b Kpyriibix cKo6Kax b (9.189) oTpaacaeT co6oil nepeKpecTHyio 
pa6oTy iio.iapn ianHH BaKyyMHoil cpc.iBi rio.iavm a 0 , b 0 11 a n , b 0i , T.e. 


W x =-< 
2 

00 

00 

j*( a o, +b o, ) e o 2 dr \ + 

j*( a o 2 + b o 2 ) e o, dr2 


R» 

R o 


(9.192) 


r,ic Ri, - paccToaHiie \tc>K,iy lapa.ia mh e, h e 2 . Hcooxoihmoctb bbc/ichih orpa- 
HiiHeHiiil Ha nn'/Kime npe.ic.iBi HiiTerpupoBaima b (9.192) ncnocpc.iCTBeimo 
cuc/iycT H3 ycnoBiia TeopeMbi Ociporpa.icKoro-Taycca. rio/iCTaB.iaa b (9.192) 
inaHcima ana rio.icil a 0| , b 0[ n a 0 , b 0 , naxoniM 
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* = i 
* 2 


f 


e M 

RqC 2 


.2 A 


+ 


e 2 e 0, V 2 

R 0 c 2 


(9.193) 


rionaraa e 0[ = e\, e 0i = e 2 ,/pia (9.193) OKOHHaTenbHO ycTaHaBUHBaeM 

W x =^ lf V(v 1 2 +v 2 2 ). (9.194) 

2R 0 c 2 


Ilpn paBiibix cKopocrax /iBHVKCiiiisi V| = v 2 3ap>i/ioB e t h e 2 ana paooTBi noirapH- 
3 aunn IF, (9.194) BaKyyMiioil cpe/yi 6 y/ic\t HMeTb 


w r = 


R n c 2 


(9.195) 


hto 3KBHBaneHTHo (9.129), (9.130), (9.133), (9.140) h (9.170). 

Ecjih Tcncpb paccMOTpeTb cnynaH napajuienBHoro ,iBH>Kcniin 3apyi/i0B e\ h 
e 2 C pa3HBIMIl CKOpOCTBMH Vj H V 2 (Vi ^ V 2 ), TO JSfl IB (JjyHKUHOHajIBHOH 3aBHCHMO- 

cth (9.192) «CTanHonapiiBic» rpa/iHcmiiBic sjieiapHHecKHe noira a 0 , b 0 aojdkhu 

6bITB 3a\(CneilBI COOTBeTCTBeHHO «,1HIIaMH H CC K HMH» rpa.THCIITHBIMH BJTCKTpHHC- 

ckhmh nojiBMH a, b: 


w x = -< 
2 

00 

OO 

f (»1 +bj )e 02 dr x + 

f(a 2 +b 2 )e 0[ dr 2 


*0 

i 


IloflCTaBiiBB b (9.196) iiia'icnuji ana noneil a;, bi h a 2 , b 2 , nouyn-iM 


W x =± 

2 


*l*0 2 v l v 2 

RqC 2 


*2* 0i *i*2 

R 0 c 2 


(9.196) 


(9.197) 


huh, c yneTOM e 0 = e h e 0i 


= e 2 , Rim (9.197) ycTaHaBJiHBaeM 


W r = 


'2 K 1 V 2 V 1 

RqC 2 


(9.198) 


hto 3 KBHBaneHTHo y>Ke (9.169). 
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BblBO,(bl 

TaKHM o6pa30M, npcncTaBJicimc o pa6oTe nonapH3au.HH BaKyyMHOH cpeABi 
rpanHCIITIlblMH 3JieKTpHHeCKHMH hojuimh a 0 , b 0 h a, b ,iaCT y,30 BU C TB O pHT CH bHO c 
corjiacne c Tiieprucii MarHHTHBix noucii KaK o/iuncnioro /iBiivKymcroca lapa/ia, 
TaK H CHCTCMBI lapa.TOB. IlpH 3T0M, eCJIH BbipaVKCHIl!-! HUM paOoTBI nOJiap H3aHHH 

W\, W 2 , W x (9.190), (9.191), (9.193) h eooTBeTCTByiomHe BBipaacemia ana 3 Hep- 
ruH MarHHTHBix noHeii W H , W Hi , W m (9.160), (9.169) una cpaBHefflia 3anncaTb 




e l v l v 2 


e 2 v 2 v 1 


= W,. = W m = 


e l v l v 2 


e 2 v 2 v l 


e 2 ,(9.201) 


to oonapyacHBac moc otjih'ihc MOK.iy hhmh OKa3biBaeTca oOycnoBJieHHBiM, b 
OCHOBHOM, TeM, HTO 3HepTHa W H ^ , W H , W m MaTHHTHBIX IIOJieH H B3aHMO^GHCT- 


bhh npcpcTaBnacT coooii KaK obi pe3ynBTaT b 3a hmo,tc ii c tbh a lapa.ia c caMHM 
coooii huh o/inoro aapa/ia e 2 c npyruM lapa.TOM e uepe3 npocTpaHCTBO no 
npHHHuny naiibno/iciicTBHa. MoK/iy TeM KaK SHeprua W h W 2 , W r rpa/iHcimibix 
3-3CKTpH'ICCKHX nOJieH OTpa>KaCT C060H B3aHM0,TCHCTBHC rpa.THeilTIlBIX II OUCH 
a 0[ , b 0 iapa/ia e\ c nonapH3apHOHHBiMH lapa/iaxm e 0| BaKyyMHOH cpc/pa Bce- 


ro OKpyacaiomero iapa/i e\ npocTpaHCTBa hjih BBaHMO/iciicTBHC rpa/iHcirnibix 
nonci'i a 0| , b 0| c noJiapH3au,HOHHBiMH aapa/iaMH e (h BaKyyMHOH cpc.Tbi Bcero 

OKpyvKaioincro aapa/i e 2 npocTpaHCTBa. Cnc/iOBaTcnbno, c npe/iCTaBJicnucM 06 


3HeprHH MarHHTHBix noneH /innacy mcroca lapa.ia e Hepa3pBiBHO CBa3aHO npe.T- 
CTaBJieHne 06 aocTpaKTiioM aocomoTiio nycTOM MaTeMaranecKOM npocTpaHCTBe 
h npiiHunne nanbno/iCHCTBHa. MC>K/iy TeM KaK, ocHOBBiBaacB Ha npc/icTaBJicnnax 
06 SHepniH rpa/iHCHTHbix tiicktphhcckhx noneH /iBHacymcroca lapa.ia, 0Ka3Bi- 
BaeTca hcooxo/ihmbim /lonymcnnc peanBHocTH cymecTBOBaHna oco 6 oh MaTepn- 
aJiBHOH cpc.Tbi (])H3H l iccKoro npocTpaHCTBa - (])H3H'iccKoro BaKyyMa. 
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TjiaBa 10. BiixpeBoe 3JieKTpHHecKoe nojie ycKopeHHo aBHJKymerocH 
3apji/ia h 3aKOHbi iiiicpiiim 3apjiaoB 

(1985 r.) 


1. 3HeprHH ycKopeHHo aBHacymerocsi 3a psiia h imayKilHH BiixpcBbix 
3JieKTpHHecKHx nojieii 


B npocTpaHCTBe okoho npa\ronnnciino ii ycKopeHHo aBnacymeroca lapaaa 
e\ HnayniipycTca c(]) epnnec kh-c n mm eTp h 1 n ioc BiixpeBoe 3ncKTpnHecKoc none 
Ej [1], onpcaenacMoe nn6o 'icpci H3MeHeHne bo BpeMemi BeKTopHoro noTeH- 
nnana A (v « c ) 


1 5A[ e x 

c dt c 2 R St 


( 10 . 1 ) 


rae R - paccToamie ot tohkh naGnioacnna N go iapana e\, nn6o l icpc3 H3MeHe- 
Hne SHeprnn nonHoro MaraiiTHoro non a // n] nBiivKymcroca sapana e, b npo- 
CTpaHCTBe BHe o6teMa A V afiepBi pannyca R 


rae 



2 

e i v i 


d_ 

dt 


00 

i] H ^ r 

\ av ; 


H nl =^H 2 u +H 2 l . 


( 10 . 2 ) 


(10.3) 


Bbino ycTaHOBneHO TaioKe, hto paooTa IV. npon3Bonnviaa BiixpcBBiM sneKTpnne- 
ckhm noneM E t (10.1), (10.2) Haa npooiiBivi lapaaovi e 2 npn nepeMememin ero b 
TOHK y N, onpcacnacTca H3MeHeHiieM toh 3Heprnn 5 W nonHoro MaraiiTHoro no- 
na //,„ KOTopaa jamnoHcna bo BHeniHen nacTH TenecHoro yrna, omipaiomeroca 
Ha noBcpxnocTB 5 S, paBHyio nnomaan iioncpcnioro ccHcnna npo6Horo 3apaaa 
Ci. Ilpn 3 tom, ecnn aonycTHTb, hto BiixpeBoe sneKTpiiHecKoe none E, cMemaeT 
npooiiBiii 3apaa e 2 na 0Tpe30K riyTH A / 2 , paBHbin OTpe3Ky nyxn A/ 1 ycKope- 
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him 3 a puna e u to ana pe3ym>THpyiomeH Bcnii'innw BiixpeBoro 'MCKTpu'iccKoro 
noiM E p cncnycT 3anncaTB 


E p=- 


5Vj 


4tic 2 ./? 3 dt 


8S. 


(10.4) 


BeKTop BHxpeBoro 3JieiapHHecKoro nojia (10.1), (10.2) bo Bcex TOHKax npo- 
CTpaHCTBa BHe ^BH^cymeroca 3ap*ma e\ Bcepzja HanpaBJieH npoTHBonojioamo 
HanpaBJieHHio ycKopemm 3apa^a e\ h Ha noBepxHOCTH caMoro ycKopaeMoro 3a- 
pa^a e\ onpejjejifleTCfl: Bbipa^ceHHeM 


E 


l 


gi dvi 

c 2 r 0 dt ’ 


(10.5) 


r^e r 0 - pa/inyc c^epmecKoro sapa/ia e,. TaKHM o6pa30M, npn achctbhh Ha yc- 
KopaeMtiH aapa/i e t ycKopaiomen chjibi F y , onpe/iCJMCMoii KaK 

F y = WoiWi, (10.6) 

r^e in»t - Macca ycKopacvtoro aapa/ia e\, w - ycKopeHne, npnoopcTacMOC 3apa- 
AOM e\, nocnc/inin'i ncni>m>maeT cnjiy Top\io>KeniM F, ot coocTBcnnoro Biixpe- 

boto 3neKTpHHecKoro noiM E, (10.1), (10.2) 


F x - E 01 ej, 


(10.7) 


KOTopaa CTpeMHTca BocnpenaTCTBOBaTB ycKopeHHOMy hbimcciihio aapa/ia e\ h 
KOT opaa BocnpHHHMaeTca KaK nonoJinuTCJibiiaa HHepuna aapa/ia e\. Ilpn stom 
K aK ycKopaiomeH ciinoii F y (10.6), TaK h TopM03ameH chjioh F, (10.7) Ha iivth 
A/ 6y/icT coBepmeHa paooia 


W y =F y Al = WoiWiAl, 

(10.8) 

lF T =F T Al = E oiei Al. 

(10.9) 

ripcnnonaraa /iBHVKeime aapa/ia e t paBHoycKopeHHbiM: 

w i = Av/A t, 

(10.10) 

A / = v At/2, 

(10.11) 


naa (10.8), (10.9), c yneTOM (10.5), mo>kho 3anHcaTb 

W y = "*01 Vf / 2 > 


( 10 . 12 ) 
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W T =■ 


2 2 
e, v 


i n 


2r 0 c 


531 

(10.13) 


Ecnn npegnonO/KHTh eme, hto ycKopaeMtiM sapa/iovi e\ aBnaeica iapa/i oneK- 
TpoHa, nna KOToporo cnpaBegni-iBO 


m o = 



(10.14) 


to ana (10.13) nonyHHM 


^ = 


m oi v i 


(10.15) 


hto OKBUBaneHTHO (10.12). Oicio/ia /ura ycKopaiomen F y (10.6) h TopMoaaincn 
F t (10.7) chjili ycTaHaBJiHBaeM 

F y = F T . (10.16) 

CjIC/IOBaTCBIBIIO, MO/KIIO VTBCp>K,gaTB. HTO npH yCKOpeHHOM /1BHVKCIIIIII BBICKTpO- 

Ha e\ i io/i /ichctbhcm ycKopaiomen chhbi F y (10.6), nocncnni-ra ncriBiTBiBacT cn- 
Jiy TopMO/Kenna F, (10.7), paBHyio cubic ycKopciiiia F y (10.6), KOTopaa nonHO- 
ctlk) ooycnoBBiciia /ichctbhcm Ha ycKopacMBiil iapa/i e\ coocTBcimoro BuxpeBo- 

ro oneKTpuHecKoro nona Ej (10.5). Bbiiiic 6bijio otmchciio, hto paooTa If 7 , 

(10.15), npon3BO^HMaa BuxpeBbiM oneRTpunecKUM noneM E, nag npo6m>iM 3a- 
pa.ioM e 2 , H e movkct obitb Oonbine toh nacra 5 W n SHepriin MamuTHoro nona II u . 
KOTopaa noKann30BaHa bo BHenraen nacTH TenecHoro yrna, onnpaiomeroca Ha 
cc'icimc /laimoro aapa/ia. O/maKO, ecnn npooiiBivi iapa/ioM paccMaTpnBaeTca 
caM ycKopacMBiil iapa/i e\ 3ncKTpona, to asm nonHon SHepriin W H MamuTHoro 
nona H n bo BHenraen nacra npocTpaHCTBa ot iapa/ia e t naxo/iHM 

W h =^\hI<1V = ^\, (10.17) 

8ji J 2r n c 

v u 

nnn, c yneTOM (10.14), 

2 

/Wn. Vi 

W H =^- = W,, (10.18) 

hto AencTBHTenbHo eooTBeTCTByeT (10.15). 

11 pennonovKH m Tcncpi., hto ycicopaeMOH iapavKcimoii nacTimen aBnaeTca 
He sneKTpoH e t , a KaKaa-nn6o npyraa iapavKciinaa 'iacTinia c Maccon m\ n 3apa- 
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aoM e\. B 3tom cnynae ana paOora ycKopaiomeii F y (10.6) h TopMoiameii F, 
(10.7) chjibi M05KH0 3amicaTb 


W = 
y 


my? (m TV +m 3 )v{ 


W=- 


m,v 


in 


my 


y\ 


(10.19) 

( 10 . 20 ) 


rae m, v - rpaBHTaiiiioHHaa Macca 3apaaa e\, m, - 'in c KTp o m ann-mi a a Macca 3apa- 
aa e\. To ecTb, paooTa W y ycicopaiomeH chjtw F y (10.6) 6oatme paooTBi IV, Top- 
M03ameH cnati F, (10.7) BiixpeBoro aneKTpiiHecKoro noaa Ej ot ycKopaeMoro 


3apaaa e\ Ha Bcnii'inny sHepriiii 


W„ 


l rp v \ 


( 10 . 21 ) 


paBHOH Toil KiiHeTiiaecKOH anepniH nan noli HacTiipbi, KOTopyio OHa npnoOpena 
6 bi npii ycKopeHiiii ao CKopocTH v b oyaynn ncliTpanBnoH. CncnoBaTcnbno, Tax 
Ha3biBaeMaa «Macca noKoa» nioooli lapancennoH nacTiiiibi (Kpovic ancKTpona ii 
no3HTpoHa) Bceraa BKmonaeT b ce6e eme nononiiHTcabnyio Maccy m, 3apaaa ty 


m 


3 


2 W T 


2 W H 


( 10 . 22 ) 


KOTopaa no npiipoae CBoeil cymecTBeHHO OTnnnna ot rpaBHTaiiHOHHOH vtaccbi 
m ip 'iacTHiiu [2] 

m rp = m -m 3 . (10.23) 

/(na caynaa ace ancKTponoB (no3HTpoHOB) e, ana KOToptix «Macca noKoa» m 0 
noaHOCTBio ooycaoBaciia an e KTp o m a r n n t n o ii Maccoil m 3 3apaaa e ancKTpona 

m 0 = m 3 , (10.24) 

rpaBHTamioHHaa Macca m e aneiapoHa e paBHa Hyaio 


m 


e 

rp 


= 0 . 


(10.25) 
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Puc. 57 


2 . 3 HeprHH Bgaiuuo/ieiicTBiiH /jByx ycKopeHHo /iBHSKymHxcn ia psiior. h 

HHflyKUHH BIIXpCBBIX 3JIGKTpHHCCKHX nOJieft 


OnpegCJiHM BO'j.gcilcTBHe BuxpeBoro sneRTpiinecKoro noun E ot ycicopne- 
Moro 3apn,ga e\ Ha /ipyrac 3 jt e k Tp n h cc k h c iapngBi. ycxopneMtie BMecTe c 3apn- 
,go m e\. ripennono’A'HM, hto BMecTe c gapngoM e\ ycicopneTcn 30 ckopocth v, b 
on no m HanpaBneHHH n npo6Hi>in jap a ,3 e 2 . Haxonnmnncn Ha Hen3MeHH0M pac- 
CTonHHH R 0 ot gapnga e\ b to'ikc N (pnc. 57). Comacno (1), ,ann BuxpeBoro 

3 jt cKTp n ’icc ko ro nona E, b to'ikc N 2 ot gapnga e\ mtokho, o'iCBHgno, 3anncaTi> 


e \ 5vi 


c 2 R dt 


(10.26) 


Ilpn ycKopeHnn npo 6 Horo iapnga e 2 BHeniHen ycKopmomcil cnnon ,30 ckopocth 
V\ b none E, (10.26) oy,3CT coBepmeHa pa 6 oTa 


W 2X = E^Al. (10.27) 

nogCTaBiinn (10.26) b (10.27) n npiiHHMan bo BHHMaHiie (10.11), oy.gcvi HMeTb 

^ 21 =^^- (10.28) 

2 R 0 c~ 

O.gnaKO npn ycKopeHHOM gBHVKcnnn npoonoro gapnga e 2 b npocTpaHCTBe oicono 
Hero oy, 3 CT ungynnpoBaTBcn eme coocTBcnnoc BiixpeBoe sneRTpunecKoe none 
E 2 , h gun to'ikh N\, r,gc naxoni-rrcn gapng e\, movkiio 3 anHcaTi> 


c 2 R dt 


(10.29) 
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Cne^OBaTentHO, h npii ycKopeHHOM pbh'/KChhh japa/ia e x po CKopocTH Vi oy/iCT 
coBepmeHa eme aonoJiHHTenbHaa pa6oTa W\ 2 , paBiiaa 


e \ e 2 v \ 


(10.30) 


Ecjih >Ke eme ynecTt paooTBi W\ h W 2 b coocTBeniiBix BiixpeBbix ojicKTpu'iccKnx 
nonax E t h E 2 iapa/ioB e\ h e% to ana cyMNiapnoil paooTBi IV. coBcpmaeMoil 
ycKopaiomeH chuoh ripn ycKopcnmi aapanoB e x h e 2 ao CKopocra v\ = v 2 , nony- 

HHM 


W = W 1 +W 21 + W U +W 2 = — —^+2] 


e \ v \ , J e \ e 2 v \ , e 2 v \ 


2r n c I IRe.c ) 2 r n c 


(10.31) 


CpaBHHBaa nony'iennoe BBipavKcimc (10.31) c pcaynbTHpyiomcH aneprucil W H 

MarHHTHBix rioncii H h H .iBiivKymuxca 3apaaoB e x h e 2 b bh.ic (cm. raaBy 8 
pan noil khhth) 

W Hn = ^\(H 2 1+ H 2 2 ) 2 dV=, 

V 

CO CO CO 

= i- J// n 2 ! dV + ^~ J H 2 x H 2 n2 dV + ^~ J H 2 2 dV , (10.32) 

8V 8V 8V 

hjih c pe3yjiKrapyiomeH 3HepraeH «CTau,HOHapm>ix» rpa^Heinmix 3JieKTpHHe- 
CKHX nojieH a 0j , b 0j h a 02 , b 02 


00 

W 0 =\\^ 

+ b o, )%dr i+y 

r» 

OO > 

J* ( a o, +b 0 , )e ( , 2 t/r, + 

J* ( a o 2 + b o 2 ) e o, ^ 2 

r 0 


I'D 

r o 7 


00 

-J(ao 2 +bo 2 ) e o 2 dr 2 


(10.33) 


KOTopbie ^jih paccMaTpnBaeMoro cjiynaa onpeaejifliOT o#Hy h Ty ^ce 3Heprmo 


W Hn = W 0 = VT 2 + 2 


V 1 , J e l e 2^ , e 2 v l 


2r n c I 2R n c j 2 r n c 


(10.34) 
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o6Hapy>KHBaeM nonHyio 3KBHBaneHTHOCTb koiichiibix pe3yin>TaTOB (10.31) h 
(10.34). H3 (10.31) nerKO ycTanoBi-m, Bi>ipa>Kcimc noJiHon paooTBi W /iByx 
ycKopaeviBix iapaigoB e\ n e 2 npn pa3Hbix Bcnn'ii-max nx ycKopeimii Wi h W2 


rionaraa 


W = E 1 e 1 Al 1 +(Eje 2 Al 1 +E2e 1 Al 2 ) + E 2 e 2 Al 2 . 


A/, =-!-A t 


(10.35) 


(10.36) 

(10.37) 

n nogcTaBiwn b (10.35) Bira'ienini BH.xpcBBix sneKTpunecKnx nonen Ej, Ej h 


A 1 2 = — A t 
2 


e 2 , e; 


El =- 


e;=- 


e 2 =- 


E' 2 =- 


e \ 

0 Vj 

2 

c r 0 

dt ’ 

e i 

0 V! 

c 2 R 0 

dt 

e 2 

dx 2 

c 2 r 0 

dt 

<?2 

dv 2 

c 2 R 0 

dt 


g:ia pe3ynbTnpyiomeH paooTBi W (10.35) oy/icM hmctb 


W = 


2 2 
e, v 


1 v i 


2r 0 c 


+ 2 


glg 2 v l v 2 
2 R 0 c 2 


2 2 
g 2 V 2 

2r 0 c 2 


(10.38) 

(10.39) 

(10.40) 

(10.41) 

(10.42) 


IlepBbffl h nocnepiiHH nnciiBi cnpaBa OTpaacaiOT co6on anepruio coocTBcniiBix 
MarHHTHBix nonen H nl n H n2 iapmoB e\ h e 2 , a cpe/umli 'men b CKOOKax - 3Hep- 
rmo MaraiiTHoro b 3an m 0,3cil ctbh a W B3 ycKopeHHo .TBHVKymuxcH japa/ioB e t h e 2 

B MOMeHT .lOCTHVK'CIlini HMH CKOpOCTeil V[ H Vi 
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fr a =(fr 12 +W 21 ) = (E' 01 e 2 Al 2 +E' 02 e 1 Al 1 )= eie2Vl !’ 2 • (10.43) 

R 0 c~ 

H 3 (10.43) cne^yeT, hto SHeprua MarmiTHoro B3aHMOAeHCTBiia napannenBHO 
JIBHaCymHXCa 3apfl/10B e\ H e 2 3aBHCHT TOJIBKO OT HX paCCTOJHIHH R 0 MC>K,Ty co- 
6oH, BHe 3aBHCHMOCTH OT HX B3aHMHOTO paCnOUTOKeHIM. 

TaKHM o6pa30M, npnHmmnajii>HO oraHHatomneca MOK.iy co6oh mcto/ibi 
onpeaeneHiia SHepniH b 3 a hm o a c li c t b i i a W B3 ,iBH>KymHxca sapa/ioB e\ h e 2 

Wm = Hni ' Hn2 dv+ h\ Hn2 ' Hni dv ’ (10 ' 44) 

v v 

W X = ^|( a o, + b 0 , ) e o 2 dr \ + ~ j* ( a o 2 + b o 2 ) e 0 j ^ r 2 (iO.45) 

r r 

W x =E 1 e 2 Al 1 +E 2 e 1 Al 2 (10.46) 


npHBG.lHT K TO/K/ICCTB CIIIIBI M pCiyUBTaTaM. O.TIiaKO, eCJIH OOpaTHTBCH K (})H3HHC- 

ckoh cymHocTH BbipaaceHHH (10.44), (10.45), (10.46), to cpa 3 y oOHapyaaiBaioT- 
ca cymecTBeHHtie OTjiHHHa mok/w hhmh. OrjiHHHa 3th npoaBJiaioTca, npeayie 
Bcero, b tom, hto 3 Heprna W x (10.46) npcacTaBJiacT co6oh pa 6 oTy, CBepmae- 
Myio ycKopaeMtiMH iapa.iaviH tojibko b npouecce hx ycKopeima ao CKopocTcil V; 
h v 2 , Meatfly TeM KaK SHepruii W B3 (10.44) h W x (10.45) npeflCTaBJiaioT co6oh 
3 Heprnn rioacii H |M , H n2 h a 0 , b 0 , a 0i , b 0 b tot mom cut, Korfla ohh yace 


flOCTHTJIH CKOpOCTCil V] H V 2 . YKa3aHHOe OOCTOaTC.BBCTBO MO/KCT CBHflCTCJIBCTBO- 

BaTB co6oh o tom, hto ecnH ycKopeHHo ABnatymucca aapa/iBi e h e 2 b momciit 
floCTiiateHiia hmh CKopocTcil Vi h v 2 aacTaBHTB /iBnraTbca paBHOMepHO h npaMO- 
jihhohho, to 3anaceHHaa ripir ycKopeHHOM /iBHacenim sthx aapa/ioB sncprua 
B3aHMoaeiicTBHa W x ( 10 . 46 ) npoaBJiaeTca b flajiBHenmeM jih6o KaK SHepraa 
MarHHTHoro b 3a hmO fle hctb Ha W m ( 10 . 44 ), jih6o KaK SHeprua B3a hmo/ic ilCTBHa 
W x ( 10 . 45 ) «CTanHonapiiBix» rpa/inemiiBix sjieKTpiiHecKHX noacil .iBHacymuxca 
paBHOMepHO h npaMOJiHHeHHO iapa.TOB e\ h e 2 . 

PaccMOTpHM npHMeHHMOCTB BtipaaceHiia ( 10 . 35 ) flna KOHKpeTHoro cjiynaa 
/iByx ycKopaeMtix flo CKopocTcil Vi = v 2 b oaiiom nanpaBHcniin 3 apa/ioB e\ h e 2 
3aeKTpOHOB 


W = 


2 2 
fl V 1 

2 r ft c 2 


2 2 2 
e \ e 2 v \ | e 2 v{ 

R 0 c 2 2r 0 c 2 


(10.47) 


YnuTBiBaa cnpaBeflJiHBoe flna 3JicKTpona e paBeHCTBO (10.14), nepenumeM 
(10.47) b Biifle (e x = e 2 , r m = r 02 = r 0 ) 
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W = 


m o v \ + 

( 2 \ 

m 0 v i 

2r o + m oVi _ 2 

( 2 3 

,W 0 V 1 

'i+_!»_' 

2 

v 2 y 

R 0 2 

v 2 y 

1 ^oj 


(10.48) 


W = 2 


f 2\ 

m 


(10.49) 


rge 


= m, 


1 + ^- 


R 


> OTa . 


Oj 


(10.50) 


Bbipaacemie (10.50) npegciaBjiaeT coooii 3c})(})CKTHBnyio onc kt po m arm-miyio 
Maccy Kaacgoro H3 ycKopaeMbix aneiapoHOB b OTgenbHOCTH. Hi (10.50) bh.iiio. 
hto o (|) (|) c kt h b n a si ajieKTpoMarHHTHaa Macca Kaacgoro H3 aneiapoHOB B03pacTaeT 
c yMeHtmeHneM paccroaHHa MOK/iy 3apagaMH R 0v h R fll] , h npn R 0 = r 0 gna 
3(J)(|)eKTHBHOH Maccti Kaacgoro H3 aneKipoHOB nojiynaeM 

m^ = 2m 0 . (10.51) 

CyMMapnaa >Ke imepnnoimaa Macca gByx «coBMemeHHbix» aneiapoHOB yBenn- 
HHBaeTcn He b 2 pa3a, Kax 3Toro TpeoyiOT 3aKOHbi MexaiiHKH, a b 4 pa3a, T.e. 
cyMMapHaa Macca chctcmbi ,ibvx h 6onee ycKopaeMbix cobmcctho iapagop. He 
onpegenaeTca yace hx ajircopaH'iccKoii cvmmoh. 

IIpHMeHHM BBipaVK'CIlHC (10.35) gjia nOJIHOH paOOTBI W BHXpeBBIX 3JieKTpH- 
necKHX nonen k cnynaio gByx ycKopaeMbix go CKopocTcil v, h v 2 b pa3HHHHtix 
HanpaBneHnax iapagoB e, h e 2 (puc. 58), KOTopoe 3anHuieM b BHge 

W = E 1 e 1 Al 1 +(Eje 2 Al 2 +E 2 e 1 Al 1 ) + E 2 e 2 Al 2 . (10.52) 


nepBbiH h nocnegHHH hjichbi cnpaBa b (10.52) OTpaacaioT co6oh, onaTb ace, 3a- 
nacaeMyio KaacgbiM H3 iapa/ioB b OTgenbHOCTH Ki-meTHHecKyio SHeprmo, KOTopaa 
OKa3i>iBaeTca 3aKJiK>HeHHOH b 3HeprnH Mann-mibix huh rpagHcimibix sneKipn- 



Phc. 58 
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neciaix noaeft. JSji a cpeancro ace aacira, OTpaacaiomero co 6 oh OHeprnio W x 
BiaHMOaCHCTBHa aeyx yCKOpaCMBIX 3apaaoB e\ h e? MC>K,iy co 6 oh, B paCCMaTpil- 
BaeMOM caynae oyacvt iimcth 

W' x = Eje 2 Al 2 cosy cosy , (10.53) 

rae y - yron Meacay BeKTopaMH E[ h E 2 . C yneTOM (10.42) ana (10.53) MoacHO 
eme 3anHcaTb 

W'x = exeiVxVz C0S y . (10.54) 

R 0 c 2 

H 3 (10.54) ncnocpe.iCTBCimo cacaycT, hto an a aByx 3apaaoB e\ h e 2 , ycicopae- 
mbix b nepnen.aHKynapnbix apyr k apyry nanpaBacimax (y = ju/2), aneprua 
B3aHM 0 , 3 CilCTBIIa W x MOK'.ay HHMH OKa3BIBaCTC3 paBHOH Hyjiio. CaC 30 BBTC3Bno, 
anaaorn'iiiBic BBIB 03 BI aoaacHM Kacaibca, OHCBH.ano, h 3HepriiH Manmmoro 
B3aHMoaeilcTBna W B3 (10.44), h SHepnin B3aHMoacHCTBiia W x (10.45) rpaaneHT- 
HBIX 33CKTpH'ICCKHX noneil. 


3. 3HeprHH BBainvioaeiicTBiia Tpex ycKopeHHO aBHacymnxcH 3JieKTpHHecKHx 
3apHaoB nepe3 imayuiipyeMMe BiixpeBuc 3JieKTpHHecKne nojiH 


PaccMOTpuM Tenept chctcmv H3 3-x sapaaoB e\, e% e 3 , naxoaainuxca Ha 
paccToaHiiax R n , R^, R 23 apyr ot apyra h ycKopaeMbix KaK oairo ucaoc ao cko- 
pocTH V|. /(na annaMH'iccKoro b 3a a m oa e ii c a b h a W x (huh MarHHTHoro B3aHMO- 
aencTBua) chctcmbi 3apaaoB Meacay co6oh b stom cayaac MoacHO sanucaTb 

W' x =E'je 2 Al 2 + Eje 3 Al 3 +'E' 2 e { /S\ l +E 2 e 3 Al 3 +E 3 e 2 Al 2 aE^A^ .(10.55) 


nepeMemeHna A/i, A/ 2 , A/ 3 Bcex sapaaoB MoacHO nonoacmb paBiiBivin A/[ = A I 2 = 
=A/ 3 = A/. Ilpeanoaaraa iapaaai e\, e 2 , e 3 oannaKOBBiMH no Bean'ii-me, ana 
(10.55) 6yaeM hmctb 

f \ f \ / a 


WL = 2 


v j 


Al + 2 


e W 3 Vi 
V R\lC~At y 


A/ + 2 


\R 23 C At 


A1 (10.56) 


hjih, c yneTOM (10.11), 


WL = 


e \ e 2 v \ , e l e 2 v \ , e 2 e 2 v \ e 2 Vf 


- + 


+ - 


R l2 c 


R u c 


^23 c 


i ?12 R 


13 


R 


(10.57) 


23 J 
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Ecmi ycKopaeMtiMH 3apagaMH e\, e% e 2 aBJiaioTca iapagBi aneicrpoHOB, to gna 


peiyntTiipyioineii 3ncKTpoMarnm noH Maccti chctcmbi 3apagOB nonymiM 

r .. „ „ > 


nu„ = 3 m n + 2 m. 


V ^12 ^ 


13 


R 


(10.58) 


23 J 


Ilo aHanomn c (10.57) n (10.58) ana pe3ynbTiipyiomeH 3iieprnn iraHMOgciicT- 
Biia W x ii pe3ynbTnpyiomeH 3ne kt po m a n in t 11 o ii Maccti m m chctcmbi 3apagOB 

Yj C/ H3 N 3JieKTpOHOB M05KH0 lailHCaTB 

i 

e 2 v, 2 1 

— , (10.59) 

c " a R * 

m m = Nm o + m o 5] ~ ’ 0 ^ *)• (10.60) 

a ** 

Ecnn ynecTt eme anepniio JE, cooctbciiiibix noneii 3apagOB e, 

TV 2 2 

tV c=Y J W i =N^~, (10.61) 

/ 2r 0 c- 


to gna nonHOH snepnin Wo chctcmbi ycKopaeMbix iapagoB nonynnM 

2 2 2 2 AT 

Wo=W c +W' x =N^Y + ^-Y — , (itk). (10.62) 
2r 0 c c “/t 


ripegcTaBnacT miTcpcc paccMOTpeTb eme BiaiiMogeiicTBue c bhxpcbbimh 
3jt cKTpii'iecKH m ii nojiaMH chctcmbi H3 /iByx pa3HOHMeHHbix 3apagOB e[ H e\, 
naxogamiixca Ha paccToaHim R 0 gpyr ot gpyra n ycKopaeMbix cobmcctho go 
CKopocTH Vi 3a npoMOKyTOK BpeMeHH At. B 3tom cgynae gna cyMMapHon pa6o- 
tbi W p BiixpeBBix 3gcKTpn l iccKHx noneii E, , E 2 M05KHO 3anHcaTb 


W p = E 1 e 1 Al l -E[e 2 Al 1 -E' 2 e 1 Al 2 +E 2 e 2 Al 2 . (10.63) 


YnuTbiBaa, hto A/] = A/ 2 = A/ = VjAl/2, h nogCTaBnaa 3HaneHna BiixpeBBix aneic- 
Tpii'iecKHx noneii E, . E 2 , EJ, E 2 , gna (10.63) 6ygeM hmctb 


W p = 


2 2 
e, v 


i n 


2 V‘ 


r 2 > 

eW2 v i 

\ R 0 c- 


2 2 
e 2 Vi 

2 r 0 c 2 


(10.64) 
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npeflnonaraa, hto lapi/iaMH e ] h e\ mnaioTca MCKTpon h no3HTpoH, aim 3(J)- 
(JieKTHBHOH 3JieKTpOMarHHTHOH MaCCbl ?M X |) HByX 3apHflOB IlOJiyHHM 


= 2 m 0 - 2m 0 


V R o ) 


= 2mr 


1 -A. 

R, 




o 

0 J 


(10.65) 


CpaBiiHBaa nonyHeHHbiH pe3ynbTaT (10.65) c 3([x[)ckthbiioh ancKTpo m arim t noii 
Maccoil /iByx yc'KopacMbix lapnoB e\ h e 2 o/inoro 3HaKa (10.50), T.e. 


*3(J) 


1 + «L 

R 




( 10 . 66 ) 


o ) 


MO>KHO 3aMeTHTb, HTO 3(J)cJ)eKTHBHaa 3-3CKTpOManIHTIIa1 Macca CHCTGMBI 3JieK- 
TpoH - no3HTpoH OKaiBiBacTCH MeHtme Maccbi noKOH 2 m 0 3thx 'iacTHU h npn 
R o —> r 0 CTpCMHTCfl K HyjIIO. O.TIiaKO, TaK KaK COBMemeHHIO 3JieKTpOHa H H03H- 
TpOHa Oy.TCT COOTBGTCTBOBaTB HX aHHHTHJiaUHa H IipCBpaiHCIlIIC B CpC.Ty (|)H3H- 

necKoro BaKyyMa [3, 4], to, KaK cjichctbhc. nocJienHjra aon>KHa 6 bitb jiHiueHa 

HHepmiOHHBIX CBOHCTB. C-TC/lOBaTCJIBHO, HCCMOTpfl Ha TO, HTO CpC/Ul (jlHlH'ICCKO- 
ro BaKyyMa peanbHoro npocTpaHCTBa sneRTpunecKH nonaproyeMa, sneKTpo- 
3HepreTHHHa h cnoco6Ha nepc/iaBaTB Hcpci ce6a ajicKTpHHCCKHe chjibi B3aHMO- 
,1CHCTBHI-I H T.,T.. HHepUHOHHBIMH CBOHCTBaMH (J)H3HHCCKHH BaKyyM peajIBHOTO 
npocTpaHCTBa He o6na^aeT (huh npaKTHHecKH He o6na^,aeT!), hto movkct coot- 
BeTCTBOBaTB HajiHHHK) y (})H3HHecKoro BaKyyMa cbohctb n.iea.ibHoii CBepxTe- 
KyHeii /Kh/ikocih. 


4. ,HoKa3aTejii.CTBa cymecTBeHHoii orpamiHeHHOCTH h3bccthbix 
npeflCTaBJieHHii o MarHHTHOM nojie h MarHHTHOM noTOKe 

B pa6oTe [2] 'iacTH'ino obihh paccMOTpeHBi i-in/iyKni-ioimBic cbohctb a bhx- 
peBoro 3JicKTpHHecKoro noira E, TcncpB movkiio paccMOTpeTb npaKTHHecKHH 
npHMep no Hii/iyunpoBaiiHio 3/JC b 3aMKHyTOM KOHType ABCD (puc. 59) bhx- 
peBbiM 3JieKTpHHecKHM noneM E ot o,t h no'ii io ro /iBHVKyineroci c ycKopemieM 
vt-’ = dvldt no och x lapx/ia e. ripc.iBapHTC-iBiio ,ionycTHM. hto mbi HMeeM ,ic.io He 
c peajibHbiM KOHTypoM ABCD, a c a6cTpaKTHtiM mbichchhbim KOHTypoM, CTopo- 
hbi KOToporo npciCTaB-inoT co6oh, HanpiiMep, Boo6pa>KaeMyK) penoHKy H3 cbh- 
3aHHbix lapi/ion cpc.ibi (j)H3HHecKoro BaKyyMa. TaK KaK cbooo.ihbic nepeMeme- 
IIHI iapfl/lOB B (])H3H'ICCKOM BaKyyMe HCKJHOHaiOTCH, TO 3TO COOTBeTCTByeT pac- 
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CMOTpemno cnynaa nn/iyKiiHii 3/(C b KOHType c occkoiichio 6 ohbhihm BHyT- 
peHHHM conpoTHBJieHneM. B 3 tom cnynae /in a hk> 6 oh to'ikh M Ha ynacTKe koh- 
Typa AB una BuxpeBoro 3 JieKTpnnecKoro nona E ot iapa/ia e movkiio ncnonB 30 - 
BaTt 3 aBHCHMOCTB (10.1), KOTopyio cnc/iycT 3 anHCaTi> B BH/IC 


E = ■ 


5v 


dt-j. 


x + r, 


(10.67) 


npennonaraa ctopohbi AB h CD napannenBHBiMH ocn x, /in a 3/1C E iB Ha ynacT- 
Ke KOHTypa AB 6 y/iCM HMeTB 


—AB 




dx 


l 


x + r. 


f e 

Vc 2 St j 


V 


x +r, 


( 10 . 68 ) 


AHajiorHHHyio 3 anncB movkiio nonymiTB h ana ynacTKa KOHTypa CD 



(10.69) 


Ha ynacTKax KOHTypa AD h CD BeKTop BuxpeBoro sneRTpunecKoro nona E 
(10.67) iicpneii/iHKynapeir k HanpaBneHHio sthx ynacTKOB, h 3/(C Ha hhx He 
ininyunpycTca. T.e. 

E.«=E sc =0. (10.70) 

Ha ocHOBaHHH (10.68)-(10.70), nna pe3ynBTnpyiomeH 3/1 C E 0 b MBicneHHOM 
KOHType ABCD nonynHM 




542 


3JIEKTP0^HHAMHKA <MI3IIMECKOrO BAKYYMA 


~^-AB ^'cd ~ 


VC 


e dv 
2 dt 


In x + -^ 


x + r{ 


In x + -^ 


x + rV 


. (10.71) 


OnpejienHM Tenept pesynBTiipytomyio 3J\C E' 0 b KOHType ABCD n3BecT- 
HOH 3aBIlCHMOCTBK) (CM. [5-8]) 


r,ne 


Eg = j)Ec/l = --^jH 1 dS, 

(10.72) 

1 ev 

H ± =--sin (p. 

c R~ 

(10.73) 


flpon iBo.ia no,3CTanoBKy h HHTerpupya, naxo/iHM 


F' =F' + F' + F' +F' = 

^0 '-AB ^ ^BC T '-CD T DA 



(10.74) 


IIpn 3KBHBaneHTHBix BenHHHHax cnpaBa b (10.71) h (10.74), Tina pacnpeaenemia 
3,3,C E 0 b KOHType ABCD (JjyHKHHOHajiBHBie 3aBHCHMOCTH (10.71) h (10.74) ,na- 
iot OTHHHaiomHeca pe3yjiBTaTBi, o.TiiaKO 3KcnepiiMeHTajiBHBiM HaOmo^eHnaM 
eooTBeTCTByeT tojibko 3aBHCHMOCTB (10.71). Eonee toto, MC>K/iy cjjyHKHHOHajiB- 
HBIMH 3aBHCMMOCTaMH (10.71) H (10.74) HMCIOTCH CIUC H npHHHIfflHajIBHbie OT- 
jiHHua, KOToptie 3aKJii0Hai0Tca b tom, hto, cornacHO coBpeMeHHtiM npe/iCTaBJie- 
hhjim, (})yHKHHOHanbHaa 3aBHCHMOCTB (10.74) npeanonaraeTca cnpaBexuiHBOH, b 
tom Hiicne h /in a jnoooro peanbHoro KOHTypa, HanpuMep cocTaBJieHHoro H3 Me- 
TajiJiHHecKHX npoBO.TiiHKOB. B pe3ynbTaTe yKa3aHHoro ap.no npon3BonbHoro 
/lonymeniia H3BecTHBie npe/iCTaBJicima o 3aKOHax hii.tvkiihii npiiBO/iaT k onpe- 
neneHHBiM npoTHBopcniaM. HanpuMep, onpepcnuM pesynBTiipyiomyio 3/(C E' 0 
b KOHType ABCD coraacHO (10.74), non one mb b HeM r, = 0 h r 2 = oo. B stom cny- 
nae nun 3J\C E' 0 b TaKOM mbicjihmom KOHType ov/icm hmctb 


% 


e dv 2 

(in 2x| * 2 -lnl) 

W~dt) 

L\ 1 X\ 


e dv^j 

W*) 



(10.75) 


T.e. 3/],C E' 0 6y/iCT nn/iyunpoBaTBca. b ochobhom, toubko Ha yiacTKC KOHTypa 
AB. Ecjih b (10.75) rjisl npeneJiOB X\, x 2 ycTaHOBHTB KpaiiHHe 3HaHeHiia Xi = x 0 , 
x 2 = oo, to ripnxo/WM, Ka3ajiocB 6bi, k napa/iOKcajiBHOMy pe3ynBTaTy [9] 
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e;, = e' =oo, 
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(10.76) 


hto pciynbTiipyiomafl 3/(C E' 0 no ocn x ot o/ii-mo'iiioro w Konciiioro no Benn- 
HHHe lapa/ia e OKa3biBaeTca BemiHiiHOH occkoiichiioh. B cboio onepe,m>, sto co- 
OTBOTCTByOT TOMy, HTO H paOOTa U p. 13 pO 113 BO/1 HM 331 3TOH 9/1C E'o, HanpilMep, 
nap npooiibiM 3apii,30M eo, TaK>KC OKa3biBaeTca paBHon occkoiichiiocth. Hero, 
KOHeHHO >Ke, He /ioh/Kiio 6bitb. Bnoirae ohcbh/iiio, hto napa/io k can biioctb pe- 
3yjiBTaTOB (10.76) OKaiBiBacTCH oOycnoBneHHon, b ochobhom, TeM, hto ncnonB- 
3yeMoe b (10.74) npc.acTaBJieniic o BiixpeBOM sneRTpiiHecicoM none E ncooxo- 
.HHMO CHHTaTB cnpaBC/uniBbiM toubko ana cJiyHaa B03.TCHCTBHSI ,aa micro noun Ha 
noirapH3apHOHHi>ie lapa/iBi (])i33H'iecKoro BaKyy\ia, a He Ha peantHbie lapn/ibi b 
KOHT ype ABCD. J\na cnynaa >Ke bo3,tchctbh3i BuxpeBoro sneRTpiiHecicoro nona 
Ha peanbHBie lapa/iBi, ([lyiiKiiHOiiajibiiyio 3aBHCHMOCTb ana 3Toro nona cnc/iyeT 
3anncaTb, HanpilMep, b BH/je (10.4). noncTaBJisa (10.4) b (10.68), ana pe3yni>TH- 
pyiomeH 9/1 C E Ha ynacTKC KOHTypa AB cchciihcm 5.3', ye t ana b an b ac m (x = R) 

r 2 

r- r- f~ m e dv 8 S CAR 

~ ^-ab ~ 1E p - y— t • (10.77) 

J 4nc 2 dt J R 3 

Ha>Ke ana KpaHHiix npeaenoB 7?! = r 0 h R 2 = oo, Bbipa>KeHHe (10.77) ana pe3ynb- 
Tupyiomeii 9/1C E 0 b stom cnynac piacT y>Ke KOHeHHoe aiia'ienne 


Eq ^ab 


eSvSS 
4 Turrldt 


(10.78) 


O/uraKO cnc/iycT otmcthtb. hto ecnn b 3aBHCHMOCTH (10.68) npencTaBnaeTca 
B03M02KHBIM HcnojiB30BaHHe n p e/i CTa b ji c 11 ii>i o pe3yni>THpyiomeM BHXpeBOM 

3JieKTpnHecKOM none E (10.4), to b H3BecTHOH 3aBHCHM0CTH (10.72) Taicoe 


HCnOJIB30BaHHe 0R'a3BIBaCTC/I lipilIlHIlimaaBIIO IICBOBMOVKIIBIM. HTO IIO,3TBCp>K,aa- 
eT, b KaKoil-TO CTeneHH, (]x)p\iajiBiiBiii xapaKTcp /lamioii 3aBHCHMOCTH. 


5. npiipona 3JieKTpoMarHHTHoii inicpmiii ycKopeHHO /jBHacymerocH 
3JieKTpHHecKoro 3apn/ia 

J\na Toro htoGbi jiyniue hoihitb (})H3HHCCKyio cymHOCTb pe3ynbTHpyiomero 
BuxpeBoro 3JieKTpHHecKoro noun E p (10.4), paccMOTpuM iicckojibko mbicjihmbix 

npiiMepoB. HonycTHM, HanpilMep, hto 3ap aa e.\ o,3iioro 3HaKa (c rpaBHTaniioii- 
hoh Maccoii W| = 0), ycKopaeTca ,io CKopocTH v, (v, « c) Ha riyni A/ 3a npo- 
Me>KyTOK BpeMeHii At, o/iiioBpeMcimo c 0 Kpy>KaK)meH ero cijicpoii pa/niyca R 0 h 
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c paBHOMepHO pacnpeaeneHHOH Ha Hen lapa/iovt e 2 npoTHBononomioro 3HaKa (c 
rpaBHTapnoHHOH Maccon nh = 0). IlpHHCM nna BenHHHHti iapa/ioB e\ h e 2 ycTa- 
HaBJiHBaeM 


e, =e 2 . (10.79) 

YcKopaiomaa CHJia F y nproioaceHa toubko k 3apa/iy e t . Ilpennonaraa, hto iapa/i 
e x pBH’A'CTca paBHoycKopeHHo, b npocTpaHCTBe oKono Hero (KaK BHyTpn aJicpBi 
pa/inyca R 0 , TaK h BHe ee) b tchciihc npo\ie>KyTKa At 6y/iCT nn/iyunpoBaTBca 
BuxpeBoe ojieKTpuHecKoe none E (10.1), (10.2) 

E = - 5Vl . (10.80) 

c 2 R dt 

lln/iyKnna BuxpeBoro sneKTpiiHecKoro nona E (10.80) BHe ccJicpBi pa/inyca R {) . 
pic pe3yni>THpyiomee KynoHOBCKoe sncKTpuHecKoc none E K paBHO Hynio E K = FT 
+ E*= 0 , b HanantHBiH momcht BpeMeHH oOycnoBncna HepaBeHCTBOM Hynio rpa- 
/IHeHTHBix aneKTpunecKHX nonen a 0| , b 0| ot iapa/ia e 2 [10] 

2 

a o, +b o, =-^TF R - (10-81) 


Tax KaK Ha noBepxHOCTH ccjiepBi pa/inyca R 0 BuxpeBoe sneKipunecKoe none E 
(10.80) He paBHO Hynio, to Ha pacnpc/icncimBiii Ha a])cpc sapan e 2 6 y/iCT 

^eiiCTBOBaTB pciynBTupyiomaa cuna F' y ycKopcima 

/ \ 

I 5 v. 


Fy - Ee 2 = 


yC 2 R 0 j 


dt 


(10.82) 


rioa neiiCTBHCM 3 TOH CHnBI lap a/I e 2 CfJiepBI npiIOOpCTCT yCKOpeHIie MB B CTOpOHy 
ycKopeHHoro /iBn/Kama lapa/ia e\ 

w 2 = 2F' y /m m 2, (10.83) 

pne »; 3j] 2 - sneKTpoMarmiTHaa Macca 3apaaa e 2 , paBHaa 

2 W H 

m m2 = — r~ • (10 - 84) 

v 2 


IIpHHHMaa bo BHHMaHHe, hto SHeprua MarHHTHoro nona IV n ot iapa/ia e 2 BHe 
aficpBi pannyca R 0 paBHa 
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00 2 2 

W H ,=^\Hl 2 dV = ^\, (10.85) 

2 8ji J 2 R n c 2 

Vo ° 

ana ycKopefflis w 2 3apnna e 2 ccjjepti c yneTOM (10.82) ycTaHaBJiHBaeM ( e\ = e 2 ) 


f \ 

e \ 

- 

"2 R 0 c 22 

v 2 2 

y C ~ R 0 y 

dt 2 

2 2 

l ^ 2 v 2 J 

2 


dvi 

dt 


= w. 


( 10 . 86 ) 


TaKHM o6pa30M, HecMOTpn Ha to, hto k iapn/iy e 2 yCKopmoman cnna F y He- 
nocpe.icTBeimo He npuno'/Kena, oh npnoopcTacT ycKopeHne w 2 , paBHoe ycKope- 
hhk) vi'] iapa.ia 6], T.e. ycKopjicTCJi c hum coBMecrao. O/inaKo, ecnn japn/i e 2 
Ct])epbl yCKOpJICTCH COBMeCTHO C iapjIHOM g], TO B npocTpaHCTBe BHe C(])Cpi>I 
AOIdkhbi cymecTBOBaTb eme He paBHtie Hynio rpanucm tibic sneKTpiiHecKHe noun 
a 0i , b 0i ot 3 toto 3apsi/ia 


gi v i 

c 2 R 2 


R, 


(10.87) 


KOToptie no 3HaKy npoTHBonononcHBi nonnM a 0 h b 0| (10.81) ot nepBoro 3apn- 

r a ei h, BBH.iy paBeHCTBa v 2 = V], nonHOCTtio KOMiicncupyiOTcn hmh. Ho b TaKOM 
cny'iac cyviMapnan sHepran rpa/iHcmiiBix noneil a 0] , b 0 h a 0 , b 0i ot 3apn- 

AOB g| h e 2 (huh, hto to >Ke, cyMMapHaa sHepran vrami-miBix noneil //,,[ h // ii2 ) b 
npocTpaHCTBe BHe ccjvepti pa/inyca R 0 oy/iCT paBHa Hynio, h nncpnnoimBic cboh- 
CTBa A m m iapa/ia e\ non>KnBi onpcncnnTBcn Tontico niepnicii rpa/iHeimiBix 
sneKTpHHecKHX noneil a 0 , b 0 (nnn 3Heprneil MarHHTHoro nonn H n \), noKann- 


30B3HH0H b npocTpaHCTBe BHyTpn c(])cpBi paHiiyca Ri, h paBHoil , T.e. 


A W H 


1 

8 n 


Vo 

J H&V . 


( 10 . 88 ) 


5F 0 

C v'ictom (10.88), /in a pe'iynbTHpyiomeil on c KTpo m a n in t n o ii HHepmioHHOH Mac- 
cbi Aw,,, 3 apn;ia e, naxo/iH\i 


2 Wn 


"Hnl = ' 


(10.89) 


OnHOBpeMeHHo, BBii/iy nonHoil KOMiiencam-m rpa/iHeimibix sneiapHHecKHx no- 
neii a 1? b| n a 2 , b 2 b npocTpaHCTBe BHe ajiepbi pa/inyca R 0 , nocne nonyHcnna 
3apn;io\i e 2 ycKopeHiin w 2 = w i, oy/ieT oTcyTCTBOBaTb TcncpB h nepBOHanantHo 
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He paBHoe Hynio BiixpeBoe sneKTpimecKoe none E (10.80). l Ito nee KacaeTcn 
3apnm e 2 , to nocne nonyneHiDi hm b HananbHbiH momcht BpeMemi ycKopemia w 2 
= w i (10.86), jsj. ih no,mep>KanHH ototo ycKopeimii w 2 lapany e 2 b /lanBiieiimcM 
y>Ke He TpeoycTCJi npnnoneeHHe ycKopinomeii chubi F' y (10.82), Tax KaK b npo- 
CTpaHCTBe BHe japii/ia e 2 oiicprun iioncii a 0 , b 0 huh H n Bcer.ua ocTaeTcn paBHOH 
Hynio, T.e. 

IV H< =W„ 2 =0. (10.90) 

3to eooTBeTCTByeT TOMy, hto oncKTpoManmTnaii iiiiepimoimaii Macca m m2 3a- 
pnna e 2 TaioKe OKa3biBaeTcn paBHOH Hynio: 

2 A W H 

A« 3J]2 =-(10.91) 

v 2 

aiianorn'ino KaK h one k Tpo m a r i m t n a a HncpiiHOimaii Macca 

2 A W H 

A m ml = -^=0 (10.92) 

v i 


toh nacTH n on ii a 0 , b 0 nnn II n1 iapn/ia e\, KOTopaa noKanH30BaHa b npocTpaH- 

CTBe BHe japunccimoii aficpbi pamiyca R,,. Ho TaK KaK cy\i\iapiian oncKTpoMar- 
HHTHan Hiicpnnoimaa Macca m xl cucTeMbi H3 .tbvx japa/ioB e 2 h e 2 no BceMy npo- 
CTpaHCTBy BHe 3apn>Kciiiioii aficpBi npn otom OKa3biBaeTca paBHOH 


m m (A»; m i ' ui 3JI i) + /n 3 ji 2 A/i/.y,| < ni u i, (10.93) 


to ycKopaiomaa cun a F y , npuno'/Kcimaa k iapuny e\, /lon/Kiia npn/iaTB encTeMe 
H3 2-x lapa/ioB e\ h e 2 ycKopeHiie ynce He wi (10.83), a Biia'iiiTcnBiio 6oni>mee 
w' i, T.e. 


r^e w[ = w' 2 . 


w[ = 



(10.94) 


6. OyHflaMeHTajibHbie CBoftcTBa iiiicpuiioiiiion sjieKTpoiviarHHTHOH Maccbi 
ycKopeHHO /jBHacymerocH 3JieKTpiiHecKoro 3apa/ia 

B pe3ynbTaTe npoBC/icimoro paccMOTpeiiiiii oo1 1apyac hb a iotch BecbMa hh- 
TepecHbie, c c])H3H'icckoh tohkii openim. cBOHCTBa cucTeMbi /iByx, Ka3anocb 6 bi, 
He CBHiamiBix MOKTiy co6oh pa3HOHMeHHBix iapunoB e, h e 2 (e = e 2 ) b tom cny- 
nae, Korna 3apa;i e 2 npenciaBnacT co6oh 3apn>Kciiiiyio ajiepy, b neiiTpc KOTopoii 
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rioMcmcn 3ap?i,i e\. CfioticTBa sth nponBnnioTcn, npcvK/ic Bcero, b tom, hto no- 
^o6Han, Ka3ajioci> 6bi, c[)H3hhcckh paioomeiman cncTeMa aapnnoB e\ h e 2 o6Ha- 
py>KHBaeT cbohctbo e/innoro ncgc(})op m npy e m oro ncHTpajiBiroro Tena c oomeit 
HHepnnoHHon Maccoil m m = A/;;.,,]. Ecnn ycKopnioman cnna F y np n kji a/i bi Ba ctc a 
k o/inoMy aapn/iy e\ cucTeMbi, to ncpci i-m/iyunpycMBic BuxpeBbie sneKTpiiHe- 
CKne noun E iapn/ia e\ 3 Ta nee cnna F y OKaabiBacTca npnnonceHHon ynce n k 3 a- 
pnny e 2 , Tax hto o6a aapnna e\ n e 2 npnoopcTaioT opine n to >Ke ycKopeHne w: 


w = w[ = w' 2 =—— = —-—. (10.95) 

™ 3J1 3Jll 

Ecnn nee TenepB npegnonovKHTB. hto ycKopaiomas cnna F y npnnoneeHa toubko k 
ognoviy iapa/iy e 2 3apnnecnnon afiepbi, to CMcmeniie 3apnneeHHon a|)cpbi otho- 
chtchbiio iapnga e, ripiiBC.TCT k ncMC/inciinon pacKOMneHcannn 3JieKTpnHecKnx 
nonen E\ \\E 2 BHe afiepbi pa/wyca R 0 n o6pa30BaHi«o BnxpeBoro sneKTpiiHecKO- 
ro nonn E 2 b npocTpaHCTBe oieono iapn.ia e 2 KaK BHe afiepbi pa/inyca R 0 
(R>R 0 ) 


E 1 5A 2 _ e 2 d\ 2 
c dt c 2 R dt 

Tax n BHyTpn ccfiepH 

~ e 2 d\ 2 

E, = —--- = const. 

c 2 R 0 dt 


(10.96) 

(10.97) 


He paBHoe Hynio BnxpeBoe sneieTpiiHecieoe none E 2 (10.97) BHyTpn ycieopne- 
moh iapnvKciiiioil afiepbi, BOBnciieTBya Ha noKonmnncn 3apa/i e\, yBnciCT b yc- 
KopeHne n ero. HcTpygno noica3aTi>, hto h b stom cnynae ycKopeHne w[ , npn- 
oopcTacMoc iapn.ioM e\, oy/icT paBHo ycKopeHino w' 2 lapa/ia e 2 afiepbi 


w[ - w' 2 . 


(10.98) 


fljin npoBepKH nee npaBmibiiocTH peaynbTaTa (10.97) npe/inonovKHM, hto lapsg 
e 2 afiepbi pa36nT Ha sneMeHTapHHe lapa/ibi §e 2 . B stom cnynae ana cyMMapHoro 
BeKTopHoro noTeHnnana A 2 b neHTpe .TBHVKymcHca lapavKeimoit eifiepbi mtokho 
3anncaTb [11] 


A 2 



cR 0 


2>» = 


g 2 v 2 

cR 0 


(10.99) 


Ecnn BeKTopHBin noTeHnnan A 2 nBJiaeTcn (fiyuKUHeii BpeMeHH, to H3 (10.99) 
HenoepeztCTBeHHO ycTaHaBnnBaeM 
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E 


2 


1 sa 2 

c dt 


e 2 dx 2 
c 2 R 0 dt 


B cbok) onepe.ni>, H3 (10.96) ripn R=Rq TaK>Ke naxo/WM 

~ e 2 dx 2 

e 2 = 


2 D 

C «, 


dt 


( 10 . 100 ) 


( 10 . 101 ) 


Pe3yni>TaTi>i (10.100), (10.101) nonTBepwiaioT npaBHUBHOCTt BbiBona (10.97), 
hto b hk>6oh tohkc BHyTpii ycKopacvioil iapHVKcnnoil afiepbi BiixpeBoe sneKTpu- 

hcckoc none E 2 HMeer Hen3MeHHoe 'inanem-ic. Bb 3KBHBaneHTH0CTH (10.95) h 

(10.98) cnenyeT, hto p ac c m aTp n b a e \i a a cucTeMa sapa/iOB e\ n e 2 h b stom cnynae 
aencTBHTeiiBHo nponBJiaeT cBoilcTBa e/innoro He iapHVKcnnoro Tena c nnepmi- 
ohhoh Maccoil m x , (10.93), n MecTO npHno/Kcima ycKopaiomcH chhbi F y k stomv 
T eny oKasbiBacTCH y>Ke BonpocoM BTopocTeneHHBiM. Ilpn stom cuc/wct oco 6 o 
OTMeTHTB TOT (jjaKT, HTO B paCCMaTpHBaeMOH CHCTeMe ,TBVX iapa.TOB e n e 2 no- 
iijithc 06 HHepnnoHHon Macce m. m iapma e 2 ccjjepti OKa3BiBaeTcn boooihc sm- 
meHHBiM CMbiena. Eonee toto, imcpnnonnafl Macca m xi , aapma e 2 0Ka3BiBaeTcn 
yMeHbmeHHon KaK pa3 Ha BeminnHy npe/inonaracMon HHepnnoHHOH Maccti m m2 
japsi/ia e 2 . 

/(onycTHM Tcncpb, hto b paccMOTpeHHOM Bbime cnynae cc^epiinecKH chm- 
MeTpHHHOH CHCTeMBi 3apnnOB e\ h e 2 , 3apnn e 2 cfjicpbi pa/wyca R 0 Oontuie iapsi/ia 
e\ ( e 2 = Ne 1), pacnono>KeHHoro b nciiTpc ct])epbi. B stom cnynae, ecnn ycKO- 
pjnoman curia F y oy/iCT npiino)KeHa TonbKO k opnoviy 3apnny e\, to non /iciicT- 
BneM niinyiinpycMoro sthm sapa/ioM BiixpeBoro aneRTpunecKoro non a E, 

(10.80) iapa.i e 2 ajicpbi npnoopcTCT ycxopeHne vv 2 , onpenenneMoe cornacHo 
( 10 . 86 ) Kax 

w 2 = w l /N. (10.102) 

Paccyacnaa aHanornHHo (10.87), /in a nioooro MOMeHTa ycKopcnini lapa/ioB e\ h 
e 2 nna nonefi a 0 , b 0 , a 0i , b 0i moikho 3anncaTB (R > R 0 ) 


v \ c i 
c 2 R 3 


R 


vj(Ne 1 ) 
c 2 R 3 


R . 


(10.103) 

(10.104) 


npHHHMaa BO BHHMaHHe (10.102), CKOpOCTeH V! H V 2 3apa^OB e\ H £ 2 Oy^eM 


HMeTb 
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v\ = w\At, ( 10 . 105 ) 

v 2 = w 2 At = V\/N, ( 10 . 106 ) 

HTO COOTBeTCTByeT 

a o 2 + b o 2 = ^( a o, + b 0 ,)- ( 10 . 107 ) 

Bbipa/KxiiHJiM ( 10 . 103 ), ( 10 . 104 ) 6 y/iCT cootb ctct bo b ht c jncprua W\ n W 2 rpa- 

.HHeHTHBIX TJICKTpi-l'ICCKHX IIOJTCH a„ , b 0 H a Q , b 0j (lMH, HTO TO >KC, 3HepTH5I 
MamuTHBix nojreil H nl , H n2 ) b npocTpaHCTBe BHe afiepBi pa/inyca R 

2 

W\ =^-[ (a 0 +b 0 )e 0 dr { = —-, ( 10 . 108 ) 

2 J 2R 0 c- 

2 

W 2 =^-[( a 0 +b 0 )e 0 i dr 2 = ^ ( 10 . 109 ) 

2 J 2 ‘ 2NR 0 c 2 

huh c yneTOM toto, hto e 2 = Ne\, 

W, = W 2 . ( 10 . 110 ) 

CneaoBaTenBHO, uccMOTpa Ha to, hto ycKopemie w 2 iapa/ia e 2 OKaabiBacTca b N 
pa3 MeHBHie ycKopcniia W\ iapa/ia e b npn yKa3aHHOM cooTHomeHnn ycKopeimii 
.TOCTHracTCH ycnoBHe nonHofi KOMiicncanHH sncpn-m nonefi a 0| , b 0 h a 0 , b 0 , 

(huh H n i h H ii2 ) b npocTpaHCTBe BHe oDBCvia ctfjcpBi pa/n-iyca R 0 . B pe 3 ynBTaTe 
Hero HMeeM, hto uncpuHOimBic CBoiicTBa ycKopflcvioro aapaga e\ bhobb onpe/ic- 
naioTca tohbko hhhib nacTBio MaccBi Aw ,,, ( 10 . 93 ) aapa/ia e b xoth b paccMaTpn- 
BaeMOM cnynae cucTeMa 3 apa/ioB e h e 2 y>Ke h He npoaBnaeT GBoftcTBa c/n-moro 
Tena. HcTpynno bhhctb, hto ycnoBHe Kovmcncam-m MarHHTHBix nonefi H n i h 
H n2 b npocTpaHCTBe BHe ccJjcpBi c iapa/ioM e 2 Rax pa 3 COOTBeTCTByeT onpc.Tcncii- 
HOMy BBirne [ 1 , 9 ] ycnoBHio paBeHCTBa npno 6 peTaeMofi sapanovf e 2 KiiHeTHHe- 
CKofi 3 HeprHH W k2 3 HepTHH MarHHTHoro non a IV /f iapa/ia e\ b npocTpaHCTBe 

BHe oot.CMa c(])cpBi pa/inyca R 0 

W k2 < W U] . ( 10 . 111 ) 

Sncprua W k2 , no KpafiHefi Mepe, He movkct 6bitb oomnnc sncprun W H ^ . B cboio 
o'icpc.TB, ycnoBHe ( 10 . 111 ) KaK pa3 h onpc/icnacT BennHHHy pe3ynBTHpyiomero 
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BiixpeBoro 3jt e k Tp m 'icc k o r o nona E p (10.4), AciicTByiomcro Ha peantHBie 3apa- 
ABi OKpy>KaK)mero npocTpaHCTBa. 
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TjiaBa 11. BoJiHOBoe ypaBHeHHe hjih BHxpeBoro 3JieKTpHiecKoro h 
AB yx THnoB BHxpeBbix MarHHTHbix nojien 

ycKopeHHO ABHacymeroca lapaia 
(1985 r.) 


1. CncTeMa ypaBiiciuiii hjih noaeii ycKopeHHO aBHacymeroca 
3JieKTpnHecKoro 3apaaa 


PaccMOTpiiM cucTeMy ypaBHeHiiil MaKCBeiuia ana 3JicKTpn'iccKoro nona 
ycKopeHHO /iBiivKymcroca b nadopaTopHoil cucTeMe otcictb K lapa/ia e (v « c) 

divE = 4;rp, (11.1) 

rot E = 0. (11.2) 

MeTOH pemeHiia chctcmbi ypaBHeHiiil (11.1), (11.2) cbo/ihtch k bbc/iciiiiio cica- 
napHoro noTeHHiiajia 


E = - grad (p 

ii nonyneHiiio HH()KjiepeHU,Haiii>Horo ypaBHeHiia IlyaccoHa 

Aip = - 4irp, 

TpiiBHanBHoe pemefflie KOToporo aanucBiBacTca b bh/ic 



(11.3) 

(11.4) 


(11.5) 


Hcnoni>3ya (j)opMyjiy nepexo^a ot HenpeptiBHoro pacnpe^ejiemm k ^HcicpeTHo- 
My 

p(r') = e5(r' - r 0 ) (11.6) 

ansi pemeniia (11.5) rioJiyniM 

< P (r ’ f ) = A^7 • (H- 7 ) 


npHHHMaa bo BHHMaHHe (11.7), Run 3JieKTpHHecKoro nojifl E ycKopeHHO ^bh- 
)Kymeroca 3apa^a e Haxo^HM 
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E(r, t) = - grad <p = 6 R(t) . (11.8) 

R\t) 


CneaoBaTenBHO, pememie chctcmbi ypaBiieimii (11.1), (11.2) rrr /iBiivKymerocfl 
b naoopaTopnoii chctgmg OTCiCTa K lapa/ia e cbo.thtch k OTBicKaiiiiio nepeMeH- 
Horo bo BpeMeHH b.b c kt p h 'icc k oro nona E(r,t) b KaayjOH to'ikc npocipaHCTBa 
okojio /iBiincyiHerocfl lapa/ia. O/maKO, earn b Ka>K/ioii to'ikc npocipaHCTBa oko- 
jio ycKopeHHo /iBiivKyiiierocfl lapa/ia e BeKTop KynoHOBCKoro sneRTpimecKoro 
nona E (11.8) h3mciijictcji KaK no Benii'iiiiic, TaK h no HanpaBnemno, to b npo- 
CTpaHCTBe okojio /iBn>Kyineroc5i lapa/ia e oy/iyT nimynupoBaTBCH He paBiiBie 
Hymo tokh cMememia, KOToptie onpenenatoTca cornacHo H3BecTHon 3aBHCHMo- 

CTH 


j 


CM 


I cE(r, 1) 
4ji dt 


(11.9) 


B Kaayjon to'ikc npocTpaHCTBa okoho ycKopeHHo /iBiivKymcrocfl lapa/ia e BeKTop 
njioTHOCTH TOKa CMemeHini j CM , b o6meM cnynae, He conna/iacT c HanpaBHeHHeM 
HBiHKeHHH lapa/ia, h ero motkho pa3no>KHTB Ha aKcuajibiiyio j CM || h pamianimyio 
j cm_L coct a BH SI 10111II c 

j CM jcM||~^jcM±. (11.10) 

C TOKaMH CMemeHini j CM || h j CM± , b cboio onepe/m, ncnocpc/icTBcimo cmnana hh- 
/iVKHiifl (no npnHunny onH3 ko/ic ii ctb ini ) MarmiTHBix II , // [1-4] h BiixpeBBix 
3JieKTpHnecKHX E [5] noneil HBinKymeroca lapa/ia. /inn iiaxo/K.ncinoi KOToptix 
AOiDKHa obitb cocTaBHeHa c oot b ctct By io i H an CHCTeMa /i Hi]) (|) cpc 1111 i i an b 11 bi x 
ypaBHemiH. JJ,m iiaxo>K,nciiini \ianiHTiiBix H , // h BiixpeBBix 3ncKTpn'iccKHx E 
noneii HBiivKymcrocn ycKopeHHo iapn/ia e, bbiiihiiicm chctcmv ypaBHemni b bh/ic 
161 

divH_L = 0, (11.11) 

4tc 

rot H ± = (j CM + j ” M ), (11.12) 

c 

grad//,, =—j CM , (11.13) 

c 

■ - 

J cm — AT" ’ 

47i at 


(11.14) 
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.n _ ev 

J CM i ’ 

4kR 3 

(11.15) 

H = rot A, 

(11.16) 

H\\ = - div A, 

(11.17) 

E = -I^. 

c dt 

(11.18) 

J\nn npocipaHCTBa bho o6i>eMa /iBHVKymcroca 
BbinonHaeTca nenocpe/iCTBCimo 

3apa^a e ycnoBiie (11.11) 

div rot A = 0. 

(11.19) 


/(jia iiaxo>K,icnn!-i pemeHna chctcmbi ypaBiieimii (11.12), (11.13) BBirmmcvi hx, c 
yneTOM (11.16), (11.17), b Biiae 


4 7i 4 ti 

rot rot A =—j CM + — j” M , 
c c 

4tc 

-grad div A = —j CM . 


( 11 . 20 ) 

( 11 . 21 ) 


PacKptiBaa ^BOHHoe poTopHoe npoH3Be^eHHe, (11.20), (11.21) mo>kho 3arm- 
caTb 


_ AA + grad div A = j CM H j " M , (11.22) 

c c 

471 

- grad div A = —j CM . (11.23) 

c 

CKJia^biBaa JieBbie h npaBbie nacra (11.22), (11.23), JierKO Haxo,zjHM 

AA = - —j” M . (11.24) 

c 

B bitty Toro, hto Ha noBepxHOCTH 3apa/ia e tokh CMemeima j CM nenocpcTiCTBeimo 
3aMBiKaK)Tcn TOKaMH nepeHoca j n iapa/ia, to movkiio bbocth (])op\tariBiioc paBeH- 
CTBO [6] 

jcM(r) = j n (r'). (11-25) 


B 3tom cjiynae ana ypaBiicima IlyaccoHa (11.24) movkiio 3anHcaTb 
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AA =-j n (r'), (11.26) 

c 

TpuBHajiBHoe pememie KOToporo HMeeT bh/i 

A = - [ \^—\dV. (11.27) 

c J r-rl 

nepexo/ia ot iicnpcpbiBiioro pacnpeaeneHiM japa/ia k /iHCKpeTiioMy mtokho 
H crio.ab’iOBaTB H3BecTHoe cooTHomemie [7] 

j n = ev6(r' - r 0 ). (11.28) 

no^CTaBJiaa (11.28) b (11.27), Rim BeKTopHoro noTemjHajia A ycicopeHHO ,zjbh- 
^cymeroca 3apa^a e Haxo^HM 


A(r, 0 = ~r~~~A = ~ • (11-29) 

cr-r cR 

riocne ycTanoBacima iiia'icnna BeKTopHoro MOTCiiunajia A (11.29), ncnoni>3ya 
(11.16), (11.17), nerKO naxo/WM Biia'icima vianiHTiiBix noneil H , // /inuncymc- 
rocn iapa/ia e b momciit aocTHVKcnna im cKopocTii v 

H = rot A = —[v x R], (11.30) 

cR 3 


H || = -div A = 



(v-R). 


(11.31) 


B cbok) o'icpcAB, cKopocTB ii3\fciFci run BeKTopHoro noTcnnnana A(r,l) BO Bpe- 
mohh onpc.icaacT 3iiaHCHHC HHflyunpyeMoro Bapa/iovt e b oicpyncaiomeM npo- 
CTpaHCTBe BuxpeBoro aneKipunecKoro nonn 


1 dA _ e d\ 
c dt c 2 R St 


(11.32) 


Movkiio otmothtb, 'ito b npocTpaHCTBe oicono pBHVKymcroca iapa/ia i-m/iynupy- 
ctcm eme penBiH p an rpa/iHeiiTiiBix aneKTpnnecKHX noneil [8] 


a n =-- 


v SA 


dx 


-X n =• 


v ecoscp 

2 r> 2 ' 

c R 


> 


(11.33) 


, v SA v 3 esin cp 

b o =-^ r o =- 

c dr c l R 1 


0 ’ 


(11.34) 
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, Av dA vAve cosip 


c 

— X 

dx 

, Av dA 

c 

dr 

. Av± 

dA 

c 

dx 

_ Av 1 

dA 

c 

dr 


r n =■ 


c 2 R 2 


c 2 R 2 


2 D 2 
c R 


c 2 R 2 




■o> 


' 0 > 


-x n . 


(11.35) 

(11.36) 

(11.37) 

(11.38) 


O/nraKO BBH/iy Toro, hto rpa/iiieiiTiiBie sneKTpiiHecKHe noun (11.33)—(11.38) 
o6ycnoBHHBaK)T co6oil hibccthbic npcncTaBJicnwi o MarHHTHBix nonax II . H\\, 
KOTOpBie CBfliailBI C rpa/lIICIITIlBIMH 3 JT C KTp II 'I C C KIIMII nOJIBMH a 0 , bo, E', E", 
E'” , E' V (JiyHKHHOHanBHBIMH 3aBHCHMOCTBMH 

— [vxR] = {e' v +[(a 0 +E') + (b 0 +E")}, (11.39) 

c 


— (v • R) = E m , (11.40) 

c 

TO B .TILITBHCiilllCM M 05 KH 0 OipaHHHHTBCB paCCMOTpOHUOM TOJIBKO O/IIIHX MarHHT¬ 
HBix noneii II , Hu. 


2 . 1 (HKJiHHecKaH (JjyiiKmioiia.ibiiasi 3 aBHCHM 0 CTb /ijih npouccca 3 ap<»K 3 eHiiii 
h pacnpoci paiicmm BiixpcBbix SJieKTpiiHecKHX h BiixpcBbix MarHHTHbix 
nojieii ycKopeHHO /jBHacymerocH sneicrpiiHecKoro 3 apn,aa 

TaKHM o 6 pa 30 M, iicxo/iiioc nepeMeHHoe bo bpomohii KynoHOBCKoe sneic- 
Tpii'iccKoc none E(r.I) n b ii vicy i h e roc n ycKopeHHO iapn/ia e nii/iyiinpycT b oxpy- 
VKaiomcM npocTpaHCTBe nepeMeHHBie bo BpeMeHH MarHHTHBie nona II . ft,. ko- 


TOpBie, B CBOK) O l ICpC/IB. HIl.TVHHpyiOT nepeMeHHOe BO BpCMCHH BHXpeBOe 3 JieK- 
TpunecKoe none E, icaic sto xoporno bh/iiio H 3 3 aBHCHM 0 CTH [4, 5] 
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E = — \{Hl+Hl)dV. (H.41) 

4nev z St J 

v 

TaK KaK ncpcMcniiBie bo BpcMCim Marnmnwc nonn Hi (11.30) h // (11.31) jib- 
othotcji nonaMii 6biCTpo3aTyxaiomnMH - Bee ohii oopaTiio nponopmiOHanBHBi 
KBa.apaTy paccTonmis R ot ,iBH>KymcrocH iapa/ia /io to'ikh HaOmo/ieHmi, - to b 
bojihobom npouecce nepc/ia'in ancKTpo m a n in t n o ii oHeprun ot ycKopneMoro 
3apnna e b OKpyncaiomee npocipaHCTBO ocHOBHyio pout nonacHO nrpaTB toubko 
M c/yreimo cnanaiomee nepeMeHHoe bo BpcMcnii BiixpeBoe aneRTpunecKoe none 
E (11.32), KOTopoe cnc/iycT paccviaTpuBaTB y>Ke Kax ncxo/inoe nepeMeHHoe bo 
B peMemi ojieKTpnHecKoe none 3apo>K7iaiomeiicfl an c KTpo m a n ih t ii o ii bouhbi. Ilo- 
cne BOiiiHKnoBcniw b npocTpaHCTBe oxono ycKopeHHo /iBiincymcroca 3apyi/ia e 

nepeMeHHoro bo BpeMemi BiixpeBoro aneKipiinecKoro nonn E (11.32), npouccc 
3apO/K,TCIIini 3JieKTpOMarHHTHOH BOUHBI cbohhtch k CUC/iy lOIUCMy. 

IlepeMeHHoe bo BpeMemi BiixpeBoe ancKTpii'iccKoc none E (11.32) nir/iy- 
mipyeT b oKpyncaiomeM npoeipaHCTBe cboh co6ctbciiiibic BiixpeBBie tokh cMe- 
meHim 


J_5E 
4ji dt 


(11.42) 


HanpaBnemie kotopbix npoTHBonononcHO ycKopeHHOMy ,iBH>Kennio 3apa/ia e. 
C TOKaMH cMcmcniia j CM (11.42), omiTB nee, CBjnana iiHnyKmin hobbix Biixpe- 
bbix MarHHTHBix noneil H ± , H , onpcncnjicMBix ypaBiicnmiviH 

~ 4ti ~ 

rot II j = — j CM , (11.43) 

c 

- grad //,! = 0 . (11.44) 

B cbok) o'icpc.TB, 3apo/K,Taiomnccji nepeMeHHBie bo BpeMemi BiixpeBBie MarmiT- 
HBie nonn H ± , // = 0 mi/iymipyioT b oKpyncaiomeM npoeipaHCTBe HOBoe bhx- 

peBoe onc kT p h i icc k oc none E' 0 , /pin KOToporo, c vhctom (11.32), movkiio 3ami- 
caTB 



1 8A' 
c dt 


(11.45) 
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Biixpcfioc BJTCKTpi-i'iccKoc none Eg ( 11 . 45 ) no npnpone cboch yuce b KaKon-TO 

CTenemi cxoirce c hcxo/ihbim BuxpeBbiM bjtcktph'icckhm noneM E (11.32), o/nra- 
ko oho BBnaeTca Tenept hcxo/iiibim ncpcMcniiBiM bo BpcMCim oneKipunecKHM 
noneM yuce am .najibHeitmero npopecca oopaaoBaima n pacnpocTpancnmi sneic- 
TpOMarHHTHOH BOJIHBI. 11criOJTB3yH (J)OpMajIH3M 3anHCH ypaBHOHUH B BH/1C 

( 11 . 11 )—( 11.1 8), ( 11 . 42 )—( 11 . 45 ), nocneaoBaTenBHOCTt 3Tana ponyieHiiJi h 
pacnpocTpancima sjieKTpoMarHHTHon bojihbi ot ycKopeHHO ,iBH>KymerocH 
japa/ia e movkiio npe/iCTaBHTB b bh/ic cJiQnyiomeii irarjui/inoH {JjyHKnuoHajiBHon 
CXeMBI 

4n 


1 5E 

9( r >0 * [E(r,l)]o > | jcM = ~— — \ 

4 it dt 


— Ucm j cm ) = rot H j 

An 

— j CM - - grad H n 
c 


-> 


f 4% . n V 

. t 

' H ± = rot A " 

if 1 dA ~ N 



Hn = - div A 

v ii / 

! tl c dt 


—3 


* [E(r,l)]i —> 


J CM 


1 5E 
4n dt 


-M 


4 n. .£j, 

— J cm = rot H ± 

c _ 

0 = - grad H'» 


> -3 
2 


4 n • 


Em - I 

c J 4 


t ( H', = rot A' 4/ 


H' ± = rot A' 
Hi = -div A' 


t. 

2 V 


iaA '-r 

■71T" Eo 


-» 


[E (r, t)] 2 —> 


1 8E' 0 ^ 
4n dt 


-H 


4 71 ~ ~ 

— JcM=rotHl 

c 

0 = - grad H!, 


> -3 

3 
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3. ®H3HHeCKHH CMblCJI npOIICCCa B03HHKH0BCHHH 3JieKTp0MarHHTH0H 
bo.iiibi h (|)opMa.ibiio MaTeMaTHnecKaa cymHOCTb BOJiHOBoro ypaBiiciinsi 

fljiH nojieii 


O/niaKO xopomaa narnsi/iiiocTB occkoiiciiioh no CBoen iipoTJTA'eimocTH 
(jjyHKnuoHajiBHon cxeMti (11.46), rioKasBiBaioineii nepno/tn'iiiocTB 3apo>K/iciiHsi 

3JieKTpnnecKnx E , E', E" h t./t h MamuTHbix , H" , H j' h t./i. noacil b 
3JieKTpOMarHHTHOH BOJIHe, C MaTCMaTH'ICCKOii TOHKH ipCIIHSI. 11 p C/IC T a B JI SI CT C SI 
AOCTaTOHHO rpoMOB/iKoii n He coBceM y/iooiioii ana npaKTunecKoro iicnojn>30Ba- 
hhsi. B c bsibh c 3THM, /hi si riojiyicimsi H3 (JiyiiKUHoiiaabiioH cxcmbi (11.46) 6onee 
KOMnaKTHon MaTCMaTH'iecKoil 3anncn, KOTopasi obi b .TOCTaTO'iiio nonHoil Mepe 
OTpasKaaa (])H3H'iccKyio cymiiocTB occKoiiciiioro iicpi-io/iH'iccKoro npouccca 
pacnpocTpaiicimsi m CKTpo m ar iih t ii oii bo.tiibi h 3 kbhb a ji c11 t 11oil, HanpuMep, H3- 
BeCTHOMy BOJIHOBOMy ypaBHeHino Bi-ipa 

1 d 2 A 

AA- ——^— = 0, (11.47) 

c 2 d 2 t 


npoaHanH3npyeM BiiHMaTcaBiio aormiccKHC ooocoBaiinsi n bbibo/i stoto ypaBHe- 
Hffl H3BCCTIIBIMH MeTO/iaMH [7,9-13], BbIBO/1 BOUHOBOTO ypaBIICIlIISI B 3JieKTpO- 
/IHHaMHKe, co BpeMeH 'iapovK/iciiiisi npe.TCTaBaeiniii 06 sneiapoMarHmi i bix no- 
iMX n 3JieKTpoMarHHTHbix BOJmax, npaKTH'iccKH He npeTepnen HHKaKHX H3Me- 
HeHHH. IlpH BBIBO.TC BOUHOBOTO ypaBIICIlIISI HCn0JIB3yCTC5I HiBCCTIiaSI CHCTCMa 
ypaBHeHnil MaKCBenna, aani-icBiBacMasi b ooiHCiipi-msrroM BH/ie [9] 


„ 1 5E 

rot H =-, 

c dt 

div H = 0, 

„ 1 5H 

rot E =-, 

c dt 

div E = 0. 

/lonoaiiHTcaBiio h cno jib 3y iotc si ypaBiiciiiisi BH/ia 

H = rot A, 

E = -I^. 

c dt 


(11.48) 

(11.49) 

(11.50) 

(11.51) 

(11.52) 

(11.53) 
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Ilpn aiia.BHBC hcxo.iiibix ypaBHeHinl (11.48)—(11.53) cpa3y >Ke o6pamaeT Ha ce6 a 

BHIIMaHHe TOT (j)ak'T. HTO B /lanilBLX V pa B11C11H JT X He ,3 H (]) (}) Op 0II I[ H p VI OT 0 3 KyjIO- 

HOBCKne E (11.8) h BuxpeBBie E (11.32) bjt eKTpn hockhc nona, KOTopBie cyme- 
CTBeHHO otjihhhbi ;ipyr ot apyra Kax no CBoeil ripuponc, Tax h no ([ihthhcckoh 
eymHOCTH. TaKHe ace npo6neMBi B03HHKai0T b 3.3cKT p o,3hi ia m n kc h npn nonBiT- 
Kax h(])(]) epeni[ h po b aTB oGbihhbic h BuxpeBBie ManiHTiiBic nona. Mc>K,3y TeM 
Kax oomenpmuiTBiM b coBpeMeimoil 3.3e kt pop h 11a mhkc (Jiopmmhbmom 3anncH 
ypaBHeHHH 3.3e kT po.in ii a mhkh MaKCBenna b oGcijihhchhom bh/ic, ,t.3htc.3biioc 
B peMB naca>K,3acMoro h n o,B,Bcp>Kn b ae mo ro cTopoHHHKaMH hhcto (])op\ia.3Bno- 
MaTeMaTHHeCKHX H a6cTpaKTHBIX MCT0,30B B 3JTCKTpo.lHIIaMH K 0, npCC.3C,TOBa.3aCB 
tojibko o.t ira nc.3b - 3anncaTB ypaBnonna MaKCBenjia Kax mo>kho 6onee b 3jtc- 
raHTHOM H KpaCHBOM BH/IC. CTOpOHHHKH (|)0pMOBb110-MBTCM3THHCCKHX MCTO.IOB 
nonaraioT h yncpaioT. hto b m aTe m a t h h c c k h x ypanncnnax h 3aBHCHM0CTax co- 
BpeMeHHOH 3JieKTpoMarHHTHOH TeopiiH b hx oomcnp hiihtoh 3amicH p,Bipa>Keiia 
BCa (J)H3HHeCKaa CyilUIOCTB 3BK0H0B 3.30 KTpO.l H11 a M H K H. O.lIiaKO B /ICHCTBHTC.BB- 
HOCTH nOnBITKH (})H3HHCCK0H HIlTCpnpCTaHHH KOHKpeTHBIX 3B.3CIIITH 3JieKTpO- 
MameTH3Ma naTa.3 kh b a iotc a noneMy-TO Ha ncnpco/io.BHMBic TpynnocTH. Mojk- 
ho, KOHenHO ace, MaTeMaTHnecKHM CHMBOJiaM b ypaBiionnax npunucaTB KaKiie-TO 
(J)H3HHeCKHe CBOHCTBa H KO.BHHCCTBOnnBIC BeJIHHHHBI, KaK 3T0 B /ICHCTBHTC.BBnO- 
cth h npaKTHKyoTca. HanpuMep, chmbojibi E h H, Ha3BaHHBie cooTBeTCTBeHHO 
3JieKTpHHeCKHM H MaTHHTHBIM nOJieM, 113/10-3310TC3 CBOHCTBOM 0Ka3BIBaTB <})H3H- 
necKoe bo3,30hctbhc Ha npyron chmboji q (saeRTpiiHecKiiH 3apa/i) b coctobhhh 
ero noKoa huh /iBHacenna, o/maKO KaKOBa /iCHCTBHTC.BBnaa npupoAa caMoro no- 
na E huh H, b hcm 3aKJiK)HaeTca <f>H3HHeeKaa cymnocTB bo3mo>khocth o/inoro 
3apana Ha paccToannn BOB/icncTBOBaTB Ha npyrne 3apa,3Bi h hto npcncTaB/iacT 
coooii caM 3JieKTpnHecKHH sapa/i, OTBeTa Ha sth BonpocBi 0,31m MaToxiaTH'iccKHO 
CHMBOUBI ypaBHeHHH TeOpHH ,33TB He MOryT. 

CoBpcMcnnaa MaTe MaT h 311 po b a 1 m a a 3.3 e KTp o m a r n n t n a a Tcopna b 3.3 era tit- 
hoh KpacuBOH (JiopMC MoaceT 3anncaTB ypaBHeHne 3.3e kT po m arim t noii nn/iyK- 
HHH, o/inaKO OHa b npnHunne He MoaceT , 3 aTB OTBeTa Ha BonpocBi, Kaicne <|)H3 h- 
necKHe npuHHHBi o6ycnoBHHBaioT noari/icnnc BiixpeBoro 3JieKTpiiHecKoro 110.33 
E B Tex TOHKaX npOCTpaHCTBa, B KOTOpBIX, HUH OKOJIO KOTOpBIX, H3MCII30TC3 (])II- 
3HHecKHH napaMeTp 110.33 H. OcTaeTca HeacHBiM, KaKHe KOHKpeTHBie cJ)H3HHe- 
CKHe npHHHHBI 06 yCJI 0 BJIHBai 0 T 3B.3CIIIie II KaKHe KOHKpeTHBie (J)H3HHeCKHe npo- 
neccBi nponcxo,33T b npocTpaHCTBe, b kotopom H3\feii30TC3 MarHHTHoe none H 
huh none BeKTopHoro noTeHunajia A n t.,t. Ctopohhhkh hhcto m aTc m aT 11 hoc kitx 

MCT030B B 3.3CKTp0,3 HIIaMHKC He 6e3 r0p,30CTH 3a3B.33I0T. HTO B JII060H "(|)H3HHe- 
CKOH" TeopiiH TJiaBHBIM 3B.33CTC3 CTpOTOCTB, 3aK0HHeHHaB (])Op\ta H H33IIUIBIH 
bh a MaTeMaTHHecKiix ypaBHeHHH. Ho kbkhm o6pa30M nonyHeHBi sth ypaBiieims. 
KaKHe ncxoAHBie npe.3nocBi.3KH h (])H3h i icckhc KOHuenmin HcnonB30BanHCB npn 
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hx oDocnoriaiiHH h KaKHe Dunn c,nenaHbi AonymeHiM iipn hx bbibo/ic h t./t, - Bee 
3TH /ICHCTBHTCnBHO BaaCHbie ())H3HHCCKHC (JjaKTOpbl TeOpHIl CTOpOHHHKOB MaTe- 
MaTHHeCKHX MCTO/lOB BpO/lC 6bl BOODIHC yaCC He HHTepeCyiOT. Bee 3TO OHH Ha- 
BBIBaiOT "CTpOHTeJTBHBIMH JieCaMH", O KOTOpbIX He CUC/iyCT /ia>KC BCnOMHHaTb, 
HTo6bi He nopTHTb c})aca,3 nocTpoeHHoro "TcopcTunccKoro i/iaima” Teopnn. A 
\ic>K,iy TeM, ecnH 6biTb oobckthbiibim, nio6oro eneu,HajiHCTa-(|)H3HKa /ion>KnBi 
HHTepecoBaTb npcacnc Bcero hmchho sth "cTpoHTenbHbie neca", b Korapbix 3a- 
ao/Kcna i-icxo/inaa (j)H3HHecKaa cymnocTB Teopnn h KOTopbie Kax pa3 h yrny6- 
naioT Harnu noinanna o BHyipeHHen (})H3 hhcckoh ripupo/ic onucbiBaeMbix jibjtc- 

HHH. 

EcnH ODpaTHTBCH K HCTOpHH H BCnOMHHTb XOTO 6bl TOT O'lCBH/UIBIH (jjaKT, 
HTO CBOK) Teopnio 3JieKTpOMaTHeTH3Ma MaKCBeiUI CTpOHH, OCHOBblBaaeb Ha , 30 - 
nymeHHH peanbHOCTH cymecTBOBaima MaTepnanbHOH cpe/iBi HociiTena nonen. 
0/HiaKO CO BpeMeHeM B CB33H C 0TKa30M B (})H3HKC ot hio6oh MO/ICIIH CpC/lBI (]j H- 
3HHecKaa cviiuioctb h 3 ypaBiicniiii MaKCBenna Hanana nocTeneHHO Bbixonamn- 
BaTbca. Eonee toto, MaKCBenny /lance 6bino nocTaBneHO b ynpcK [11], hto oh, 

BHflHTe HH, He npC/lBHnCII 3HaHHTeHbHOH OOIIUIOCTH BBIBC/1CIIHBIX HM ypaBHeHHH, 
hto "... cennac Mbi nynme noHHMaeM (caM MaKCBenn 3Toro He noHHMaji?! T.H.), 
hto .neno b caMHX ypaBiicnnax, a He b Mo/jenn, c no mo mine koto poll ohh obijth 
BBIBC/ICIIBI... EcJIH Mbi OTOpOCHM BCe CTpOHTeUbHbie UCCa, KOTOpbIMH nonb30Ban- 
ca MaKCBeiui, htoobi nonynHTb ypaBHeHna, Mbi npn/iCM k 3aKJiK)HeHHio, hto 
npeKpacHoe i/iannc, cos/iainioc MaKCBennoM, /icpacHTca caMO no ce6e". IlpocTO 
yjIHBHTenbHo! O/inaKO MoryT ace B03HHKHyTb h coMHeHna, a /icpvKHTca an sto 
"npeKpacHoe 'i/ianne" ,pcii ctbht en bi io caMO no ce6e? H kto b ncii gtbhtcjtbiiocth 
npononacaeT nonncpacuBaTB <oto 3 , 1 a hhc»!?? npo/ionaca 10 m h c c a h b HacToamee 
BpeMa ynopHbie nonbiTKH ircKOTopBix aBTopoB HacaayjaTb h aaaBiiic roabin a6- 
CTpaKTHblH MaTeMaTHHeCKHH (})Op\ta.riH3M KaK B 311C KTp 0/1HIIaMH K C, (j)H3HKe, TaK 
n b npyrux ooaacTax HayKH - sto cepbe3Haa ooucbiib Been coBpeMeHHoii n mh- 
poBoii HayKH Boo6me, h 3Ta ooucbiib iiaxo/WTca cennac b CTa/inn ctojtb rny6o- 
koto 3anymeHna, hto Kap/iHiianBiiBiii bbixo/i H3 TyraiKa B03\io>Kcn to.itbko npn 
npuHaTHH KaKHX-TO Kap/iHiianBiiBix Mep. 

Cennac yace /loCTOBepiio MoacHO noKa3aTb, hto oomenpi-maTBiii b coBpe- 
MeHHOH oncKTpo.THiia mhk c (]iop\taaH3M 3anncH ypaBHeHHH MaKCBenna c 11c- 
nonb30BaHHeM o6e3nHneHHbix no CBoen cyra CHMBonoB sneKTpiiHecKHX h Mar- 
hhthbix nonen, CKanapHbix n BeKTopHbix noTeHipianoB, BiixpeBbix sneKTpune- 
ckhx n MarHHTHbix nonen, b npiiHunne He mot 6bi npiiBecTH k BBiBO/iy, Hanpn- 
Me, ypaBHeHna BH/ia (11.46), OTpaacaiomero nnKnunccKyio (JjyHKHHOHanbHyio 
B3anMOCBa3b nna npouccca Bapoacpcniia h pacnpocTpaHeHiia BiixpeBbix tuck- 
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TpHHeCKHX H BHxpeBBix MarHHTHBix nOnCH yCKOpeHHO .IBHVk'yilierOCfl B-BCKTpH'lC- 
CKoro 3apaaa. BnonHe ecTecTBeHHO, hto yKa3aHHBie HananBHBie iicxo/iiiBie 
oluh6kh h ynymcnna b 3n c KTp o a h na mh k c, 3acHnne ronoro m are via t n h e c ko ro 

(J)OpMajIH3Ma B 3JieKTpOMarHHTHBIX TCOpHJIX, KaK H OrpailH'ICimOCTB npe.lCTaB- 
ncima o cymecTBOBaHHH toubko o.moro BeKTopHoro \ianmTiioro nona H, ripn- 
BOflBT K rpy6oMy IlCKaaCeHHIO (j)H3HHeCKOH CyiUHOCTH BBJieHIM, OTpa’A'aCMOrO 
H3BGCTHBIMH ypaBHeffliaMH BH.Ta (11.48)-( 1 1.53). Hcn0HB30BaHHe 3THX ypaBHe- 
HI1H RJlfL BBIBO.ia BOJIHOBOrO ypaBHefflia H3BGCTHBIMH MCTO.TaMH OCIIOBBIBaCTCa 

Ha /lonymeiniH ohih6ohhbix npeanocBinoic o bo3mo:hchocth BBaiiMiion 33MeHBi 

3thx noneii E(11.8), E (11.32). K TOMy ace, cneaycT eme otmcthtb, hto ana 
cnynaa oaiiHOHHoro 3apaaa «ypaBHeHne» (11.48) b npiiBeaeHHOH 3anncH, ecnn 
ycTaHOBHTB ecTecTBeHHoe cooTBeTCTBue H = H L , icaic sto bh/iiio H3 (11.12), bo- 
o6me He npe.TCTaBnaeT co6oh aaace paBeHCTBa. Una toto hto6bi narna/ino noica- 
3aTB Bee (JiopMaiiBHBie MaTcviaTH'iecKHC yxiimpefflia, KOTopBie ncnonB3yK)Tca b 
H 3BeCTHBIX MCTO.iaX BBIBO.Ta BOUHOBOTO VP3B11C11I IJI (11.47) H3 ypaBHeHIHl 
(11.48)—(11.53), 3anHiueM aaHHBie ypaBHefflia b hx aeiiCTBHTenBHOH cjiopMe, 
cooTBeTCTByiomeH (11.11)—(11.18) 


1 3E 47i 

rotH ± =- —+ — j CM , 
c at c 

(11.54) 

div H ± = 0, 

(11.55) 

~ 1 3H ± 

rot E =-—, 

c dt 

(11.56) 

o 

II 

m 

'> 

'"3 

(11.57) 

H = rot A, 

(11.58) 

g = _13A. 
c dt 

(11.59) 


/lance, corjiacHo oomenpiinaTBiM npcacTaBncnnaM [7,9-13], ocymecTBnaeTca 
noacTaHOBKa (11.59), (11.58) b npaByio h neByio 'iacni ypaBiicniia (11.54). rioa- 
CT3HOBKa (11.58) B (11.54), KOHeHHO, He BBI3BIBaeT B03pa)KeHHH. O.TIiaKO 
noacTaHOBKa BBipaacemia ana BiixpeBoro aneicTpiiHecKoro non a E (11.59) BMe- 
cto KynoHOBCKoro 3JieKTpHHecKoro nona E b (11.54) npcacTaBnacT co6oh npo- 
cto MaTeMaTHHecKHH Jiancyc. /Ina n o.itb cp>K.TCn na cKa3aHHoro, BBinumeM ana 




562 

3JIHKTPO/1IIIIAMIIKA OIBHHECKOrO BAKYYMA 


cpaBHeHna HecKoatKO 7iHc|)(|)epeHHHaabHbix onepaunil Ha# BeKTopaMH E (11.8) h 

E (11.32) 

~ 1 

rot E = 0, rot E = - -——, 

c dt 

(11.60) 


~ 1 dH 

divE = 4jrp, divE = - , 

c dt 

(11.61) 


E = - grad <p, E = - grad y, 

(11.62) 


E= >, E — l * 
cR 3 c"R dt 

(11.63) 


r/ic y - cicaaapHaa (JjyHKHiia, OTHHHiiaa ot CKaaapHoit (fjyiiKHHn cp. TaKHM o6pa- 
30M, B03Bpamaacb bhobb k ncxonnoit cucTeMe ypaBiicnim (11.48)—(11.53), 
MOaCHO VTBCp/K/IHTB, HTO npHMeHHTeatHO K O.lHIIO'niOMy 3 B H /K\' III C M VC 71 yCKO- 
peHHo iapany e cyinnocTB H3BecTHBix mcto/iob 3aicaioHaeTca b tom, hto b 3aBe- 
^omom HepaBeHCTBe (11.48) ocymecTBaaeTca, c MaTCMaTHHecKon tohkh 3peHna, 
aBHO HeKoppeKTHaa noncTanoBKa (11.53). O/uraKO ynHBHTcnBiiBiM npn stom 
OK a3tiBaeTca to, hto noncTanoBKa naenoB ypaBiicniia (11.53) b aBHoe HepaBeH- 
ctbo (11.48), c yiCTOM npimaTBix ooo3iraHcni-m H = II: 

rotH ± =-^^ (11.64) 

c~ d~t 


.TCaaCT 3TO HOpaBOHCTBO ACHCTBHTCnBIlBIM ypaBHefflieM, HO TOJTbKO ,ina HOBOTO 
BuxpeBoro MarHHTHoro noaa IT , a He MarHHTHoro non a H huh II , onpe/ic- 
aacMoro cornacno (11.52) huh (11.58). B stom nerKO yoc/WTBca, Tax xax 3aMeHa 
3anncH (11.48) hoboh npnHuunnajibHO OTaHHaiomenca ot Hee 3anHCbio BH.ia 

~ 1 r)F 

rotH^ =- (11.65) 

c dt 


aeHCTBHTeaBHO onpeaeaaeT yace oaho ypaBHefflie { } 2 H3 c|)yHKHHOHaai>HOH 

cxeMti (11.46). B to ace BpeMa, ecan b HCHCTBHTarnnioM ypaBHeHnn (11.54) BMe- 
cto BeKTopa xynoHOBCKoro 3JieKTpHHecKoro noaa E 3anncaTb bcktop BuxpeBoro 
3aeKTpHHecKoro noaa E, T.e. npn/iaTB ypaBHeHHio (11.54) bh/i 


rotH ± 


1 <3E 471 . 

— J 

c ot c 


n 

CM ’ 


( 11 . 66 ) 
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to nepBOHanajitHoe neftcTBHTenBHoe ypaBHeHHe (11.54) npcBpamacTCJi b jib hoc 
H epaBeHCTBO, h, hto6bi nonyHHTB H3 na micro HepaBeHCTBa ypaBHemie (11.65), 

HCOOXO.IHMO HJieH (4jl/c)j" M nOHOJKHTB paBHBIM HyjIK) H BeKTOpHOe MarHHTHOe 
none II 3aMeHiiTB Ha BuxpeBoe MaraiiTHoe none II' . CnenycT, onnaieo, oTMe- 

thtb, hto ecnn nonoonoc jibiio npon3BonBHoe nonyincimc npuMemiTB TenepB k 
ncxonHOMy HepaBeHCTBy (11.48) nnn k ncxo/moMy ypaBHemno (11.54), to ohh 
o6a TCpJlIOT BCHKHH (])H3H'ICCKHH H MaTCMa T HH C C KH If CMBICn. Ho, .TOriyCTHM. B 
jibhom npoTHBopennn c KaKon-nn6o pa3yMHon hothkoh, hto mbi cornacunncB c 
3anncBK> ypaBHeHHn (11.54) b BHne ypaBHeHHn (11.65), T.e. 

rotHV=-^ (11.67) 

c ot 

hjih, c yneTOM (11.59), 

rot H' ± = — — —, (11.68) 

c d 2 t 

onnaKO b 3tom cnynae 06 n apyac hb acTC ji. hto noncTanoBKa (11.58) b (11.54) CTa- 
hobhtcb TenepB HeicoppeKTHOH, Tax Kax nna MamuTHoro rionji II' L cnpaBcnnHBa 
3anncB [cm. ( ) 2 b (11.46)] 

rotH^ = rot A'. (11.69) 

B coBpeMeHHon nee nnTepaType jibiio HeKoppeKTHyio 3anncB ypaBiiciiHJi b bi-mc 
( 11.64) npiiHHMaioT 3a ncxomiyio n noncTanoBKoii (11.58) riony'iaioT jibiioc 
H epaBeHCTBO BH.ia [7, 9-13] 

1 3 2 A 

rotrotA = --— (11.70) 

c 8~t 

HJIH 

1 f) ^ \ 

- AA + grad div A =-—. (11.71) 

c d~t 

/(anee, nnn nonyHemin H3 nBHoro HepaBeHCTBa (11.71) BonHOBoro ypaBHeHHn 
(11.47), Ha BeKTop A iiaKna.TBiBaioT HCKyecTBeHHoe h nBHO a 6 cTpaKTHoe no cbo- 
eMy cymecTBy ycnoBue 

div A = 0, (11.72) 

ocHOBBiBancB Ha ohih 6 ohhom ypaBHeHHn (11.57), nnn KOToporo, c v'ictom 
(11.59), nonaraioT 




564 


3JIEKTP0flHHAMHKA <MI3IIHECKOrO BAKYYMA 


div E = - 


1 8 

- —(divA) = 0. 

c dt 


(11.73) 


OmHDO'inocTb BBipanceHiin (11.57) inn BiixpeBoro ineRTpimecKoro nonn E 
(11.32), (11.59) 


1 8A _ e d\ 
c dt c 2 R dt 


(11.74) 


nerKO ycTanaBJTHBacTCfl. Tax KaK nenocpeiCTBcn iibim onpeflenemieM onepapHH 
div E ot npaBoil nacTH (74) cpa 3 y >Ke naxo/iHM 


~ 8 

div E = — 

dt 


\c 2 R 


coscp 


1 3# I, 

-^*0. 

c dt 


(11.75) 


CjTC/iyCT OTMeTHTB, HTO B aHanOTHHHOH CTeneHIl npOH 3 BOHBHBIMH flBJMIOTCfl 
MeTO^Bi BBiBo.ia BonHOBoro ypaBHeHiM (11.47) c HcnonB 30 BaHiieM h /ipyroro 
HCKyccTBGHHoro ycnoBiin - Tax Ha 3 BiBaeMoil «Kann 6 poBKH JIopeHu;a» [7, 10-13] 

div A = - — —. (11.76) 

c dt 

H, iiaKoncu. b pciyubTaTC Bcex npuBC/ieniiBix BBime h ananornHiiBix hm jib no 
omHDO'niBix ,ionymciriiii h rpy6Bix m arc m aT hh cck h x npeo6pa30BaHHH, H3 hbho- 
ro HepaBeHCTBa BH,ia (11.71) «bbiboihtch» BonHOBoe ypaBiienire aim BeiaopHo- 
ro noTcnnnana 

1 d 2 A 

AA-— —j— = 0 . (11.77) 

c 8 t 


/],anee, naxoia pemefflie bouhoboto ypaBncima (11.77) h onpenenaa anaHcimc 
BeKTopa A b bh/ic BanaB.pbiBaiomux (huh oncpoKaiomux) noTeHHHanoB, Haxo- 
naica npennonaraeMBie MarHHTHBie H ± h ineiapHHecKHe E nona ineiapoMar- 
HHTHOH BOUHBI C riOMOIUBIO 3aBHCHMOCTGH BH/Ul (11.51), (11.52) HUH (11.58), 
(11.59), T.e. 


II = rot A, 


E = - 


1 8A 
c dt 


(11.78) 

(11.79) 


O.iilaxo H3 ((lynKHHoiiaiMioH cxeMBi (11.46) bh.iiio, hto naii/icniroc pemeHne b 
BHue (11.78) onpcncnacT co6oil toubko H3BecTHoe BeicropHoe \iarnmnoc none 
(H | )| ycKopeHHO ,iBH>Kymeroci aapa/ia e, a He .iciicTBiiTciBnoc BuxpeBoe Mar- 
HHTHoe none II (11.43) nnn ( H' L ) 2 (11.46) in cKTpo m a nm t noii BonHBi. KpoMe 
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Toro, naiinennoc BuxpeBoe oncKTpH'iccKoe none E (11.79) TaioKe npcncTaBnacT 
coooil BuxpeBoe sneKipmecKoe none [E]i (11.46) ycKopeHHo /iBiincyinerocfl 
iapn/ia e, a He aeilcTBHTeiiBHoe hcxo/ihoc BuxpeBoe sneRTpimecKoe none E' 0 
(11.45) huh [ E' 0 ] 2 (11.46) sneRTpoMarmiTHoil bouhbi. 

4. AHajiH3 (JjyHKijHOHajibHoro npopecca iap<»K3emisi h pacnpocTpaiieimsi 
3JieKTp0MarHHTH0H bojimbi 

O/inaKO BcpncMca bhobb k (JiyHKUHOHajiBHOH cxeMe (11.46), OTpavKaiomcil 
occKoncniBiil nepno/innecKHn iipouccc poK/ienim nepeMeHHBix bo BpeMeHH 

MarHHTHBix ( H' , //| =0 ) 2 h 3JieKTpHHecKHX [ E'o ] 2 noneil. Htoobi h 3 nan noil 
occKonc'inoii (])ynKnnonajibnoH B3aHMOCBB3H \ 10 Kny BuxpeBBiMH MarHHTHBiMH 
II’ H 3JieKTpHHeCKHMH Eg nOJTHMH M05KH0 6bijio nOJiyHHTB KOMnaKTHOe BOHHO- 
Boe ypaBHemie bh/ui (11.47), iicooxo/ihmo, o'icbh/uio, paccMaTpuBaeMyio 6ec- 
KOHeHHyio ncnb (11.46) 3apHKJiHTB. JJjm 3Toro iicooxo/ihmo nail/iennbic Ha Ka- 

kom-to 3Tane BuxpeBBie ManiHTiibie non a H' x , H =0 ot pemenna npenbi/iyincil 

cucTeMBi ypaBHeHHH, HanpuMep, { } 2 (11.46), noncTaBHTB b cnc/iyioinyio chc- 
TeMy ypaBHeHHH { } 2 (11.46), KaK oto b ,tc il c t b n t cii b n o ct n h ocymecTBnaeTca 
(xotb h BecBMa HexoppeKTHBiM o6pa30M) cornacHo ooincnpniniTBiM MCTonavt. 
Ecnn oopaTHTBesi k (J)yHKH,HOHajiBHOH cxeMe (11.46) h BBinucaTB H3 Hee CHCTeMy 
ypaBHeHHH { } 2 b BH^e 

rotfil=-^-, (11.80) 

c dt 

- grad H"\ = 0 , (11.81) 

to mo>kho yace oonapyvKHTB, hto KaK /inn BHxpeBBix MarHHTHBix noneil II" , H" , 
Tax h nnn BHxpeBBix MarHHTHBix noneil IE , // H3 npe/ibi/iyincii cucTeMBi 
ypaBHeHHH 

rotH' 1 = — —, (11.82) 

c dt 

- grad HI = 0 (11.83) 
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HCXOJtHBIMH nOJIflMH flBJIJHOTCn V>KC TOJIBKO BHXpCBBIC 3JICKTpHHCCKHC nOJIfl E H 
E'o , KOToptie no npupozte CBoen, b 3HaHHTe:iBHOH CTcneim, 3KBHBaneHTHBi. 
KpOMe Toro, BHXpCBBIC 3JTCKTpH l ICCKHC nOJM E H E' 0 B OTeKTpOMarHHTHOH BOJI- 
He, cornacHo cxeMe (11.46), npocTpaHCTBOHHo /locTaTcnio 6 jih3kh /ipyr k ,ipyry 
((JiopMajitHO b npe/teiiax on noil /uthiibi bojihbi). C vhctom CKa3aHHoro, cucTeMy 
ypaBHeHHil (11.80), (11.81) npencTaBJineTcn y>Ke bo3mo>khbim 3aijHKJiHTB, ana 
nero cnc/iycT sanucaTB ee b bh/ic 

rot H ' L =I^liL, (11.84) 

c dt 

- grad i/y = 0 . (11.85) 

B aaHHOM cnynae b npaBoil h hcboh nacrax ypaBHemd! (11.84), (11.85) oxa3a- 
jihcb no/iCTaBnciiiiBiMH y*e H3BecTHi>ie nona II' , //' , E' 0 , nail/rcniiBie H3 pe- 

niciina npe/iBi/iymcil cucTeMBi ypaBHeHHil paccMaTpnBaeMoro pnKna. IlpHHHMaa 
bo BHHMaHne (11.69), cucTeMy ypaBHeHHil (11.84), (11.85) movkiio npe/tCTaBUTB 

B BHZte 

1 SE' n 

rot rot A =-, (11.86) 

c dt 

-graddivA'= 0 . (11.87) 

PacnucBiBaa /iBoiinoe poTopHoe npoi-nBcncime 

~ ~ 1 9E ' 

-AA' +graddiv A' =-—, (11.88) 

c dt 

-graddivA' = 0 (11.89) 


h CKnanBiBaa neBBie h npaBBie Haem ypaBHeHHH, cpa3y >kc naxo/iHM 

AA' = -I- 5E '° 


c dt 


(11.90) 


AHajiornHHo (11.59), BuxpeBoe aneKipunecKoe none E' 0 movkiio npencTaBHTB b 


BHae 



1 8A' 
c dt 


(11.91) 


rio.iCTaBJiflfl (11.91) b (11.90), OKOHHaTeJiBHO ycTaHaBJiHBaeM 
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AA'-^-^^ = 0. (11.92) 

c 2 d~t 

TaKHM o6pa30M, iiony'icimoc BonHOBoe ypaBiicimc (11.92) ana sneiapo- 
MarHHTHoro nona b KOMiiaKTiioil m a t c m a tht cc k oil (])op\ic OTpancaeT coooii ne- 
pno/iiiHCCKnii ripoucc'c pacnpocTpancniia sjieiapoMarHHTHOH bojihbi, mi/iynn- 
pyeMoil ycKopeHHo /iBnncymiiMca lapa.ioM e h cxcMaTHHccKH npe/icTaBJieimoii b 
BH^e (11.46). IlpuneM cneayeT otmgthtb, hto BonHOBoe ypaBHemie (11.92) ana 
3JieKTpoMarHHTHoH bouhbi noJiyneHO npocTBiM h /loCTaTcnio KoppeKTHBiM Kaic c 
MaTeMaTHHecKOH, Tax h c c|)H3hhcckoh tohkh ipcniia, cnoco6oM h 6e3 BBC/icima 
(jiopManBHBix, no CBoeMy cymecTBy, ycnoBiiii HopMupoBOK h KannopoBOK. 

C penBio BBiBo.ia bojihoboto ypaBiieima ana npennonaraeMoro dcanapHoro 
noTcn uiiana y' BiixpeBoro sneRTpiiHecKoro nona E' 0 (11.91) ycKopeHHo ,TBii>Ky- 
meroca aapa/ia e. BBinumeM cucTeMy ypaBHemiii ana BHxpeBBix MarHHTHBix no- 
neii H^, 

H'l = rot A', (11.93) 

i/y = -div A' = 0 (11.94) 


h cooTBeTCTByiomero hm BiixpeBoro sneicTpiiHecKoro nona 

jf. _ 1 8*' 

E' 0 = -grad y'. 


(11.95) 

(11.96) 


Haxo.ia npocTpaHCTBeHHBie npoiriBO/iiiBic ot npaBoii h neBoil 'iacni ypaBiicnna 
(11.95), c yneTOM (11.93), (11.94), o6Hapy>KHBaeM 


rot Eg = 1 , 

c at 

(11.97) 

i em 

divE'g - 11 . 

0 c 8t 

(11.98) 


H 3 (11.98) ncnocpc.TCTBcnno cnc/iycT, hto BiixpeBoe sneiapiiHecKoe none E' 0 

3JieKTpOMarHHTHOH BOUHBI, B npOTHBOnOnTOKHOCTB BHXpeBOMy 3JieKTpHHeCKOMy 

nonio E (11.74) ycKopeHHo .iBiivKymeroca iapa/ia e, ynce He annaenca noTeHmi- 
ajiBHBiM 3JieKTpHHecKHM noneM, h CKanapHBiH noTeHipian y' 3Toro nona Bcer.ua 
ocTaeTca paBHBiM Hynio. B cooTBeTCTBim c sthm h bouhoboto ypaBHeHiia ana 
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CKanapHoro noTemjnana y', b npoTiiBononomiocTB oomenpmuiTBiM npcACTan- 
neHiMM [7, 9-11], Boo6me He cymecTByeT. TaKHM o6pa30 M, toubko BiixpeBoe 
3JieKTpnHecKoe none E' 0 (11.95) hb.thctch nc ii ct b htc n b i i bi \t BHxpcBBiM 


sneRTpunecKHM noneM, nnn KOToporo mo>kho 
n3BecTHbie ycnoBnn (11.50), (11.51) [9], T.e. 

CHHTaTB cnpaBcnniiBBiMH 

rot E' 0 + 0, 

(11.99) 

div E' 0 = 0, 

(11.100) 

OTKyna ncnocpcncTBciiiio cnc/iycT. hto 

div grad y' = 0. 

(11.101) 


CneaoBaTentHO, iiony'icimoc BonHOBoe ypaBiicniic (11.92) ,i.na BeKTopHoro no- 
TeHunana A' OTpa>KaeT coooii ripouccc pacnpocTpaiieimsi b npocTpaHCTBe bhx- 
peBtix aneKipunecKiix E' 0 (11.95) h cootbctctbyioi n h x hm MarmiTiiBix Biixpe- 


bbix Ii; , H' (11.93), (11.94) nonen 3JieKTpoMarHHTHOH bouhbi. 

B npocTpaHCTBe (|)H3 hhcc koto BaKyyvia (b oTcyTCTBue peantHtix open) 
BiixpeBoe MamHTHoe none II' (11.93) n BnxpeBoe sneKTpnnecKoe none E' 0 
(11.95) TaioKe y/iOBJicTBopsnoT BonHOBOMy ypaBHeHnio, hto nenco noKaaaTB, 
rionBcpriiyB ypaBiicniic (11.92) cootbctctbvioiuch onepapnn nH(])(])cpcinmpoBa¬ 
irn a no npocTpaHCTBeHHon n BpeMeHHon Koop/iiinaTc n H3MeHHB nopnnoK /iin])- 
(jjepeHnnpoBaHnn 

AH' ± -^^f^ = 0, (11.102) 

c 8 t 

AE' 0 -4^ L = 0. (11.103) 

c 2 8~t 

H 3 conocTaBnciimi (11.92), (11.102), (11.103) c c])yiiKiiHoiiaiibiioH cxeMon 
(11.46) biwho, hto Bee non si A', II' , /-/'. E' 0 , A', II' , //', E', eooTBeTCTByio- 

innc pemeHHio cncTeMbi ypaBiicnnii { } 2 npn onpe/ieneimoM pnicne niinyKnnn 
3thx nonen, no/i'imisiioTcsi o/iiioMy n TOMy >Ke BonHOBOMy ypaBHeHnio. 
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5. OrpamiHeHHOCTb h3bccthmx npeflCTaBJieHHii npHMeHHTejibHO k 

BHXpCBbIM 3JieKTpHHeCKHM H MarHHTHbIM nOJIHM SJieKTpOMaTHHTHOH 

BOJIHbl 

AHanH3iipyn npoBC/icniiBic Bbime nominal <])y n k h h o nan b n o -m;it c m a t h - 
necKoro OTpancemin peanbHoro npouccca iapovK.icnini sneicrpoMariimiioi'i bojt- 
hbi ot ycKopeHHO /iBnncymeroca lapana e nee aanBHeiimero pacnpocTpancniia b 
npocTpaHCTBe, KOTopbie no3BonnnH, c MaTCMaTHHCCKoii ii ([nnii'iecKoii tohck 
3pemM, aocTaTOHHo Donee KoppeKTHo nonynHTB cTporne, ho, onnTb ace, (Jiop- 
Majibmie no CBoen cymHOCTii, bojihobbio ypaBHemin (11.92), (11.102), (11.103), 
Ha nepBbin Birnan MonceT MOKasaTBCH. hto caMoe rnaBHoe yace pocTiirnyTO. 
rio.By'iciia .locTaTO'ino KOMiiaKTiian n CTporaa MaTeManiHecKaa 3anncb 
ypaBHeHiiii sac kT po m a n in t n oii bohhbi, KOTopaa, no cobpomohhbim npc.iCTaB.xc- 
HiniM [11], noJiHOCTBio OTpaacaeT peajiBHBiH npouccc pacnpocTpancima 
3JieKTpoMarHHTHon bouhbi. K TOMy ace, nonyneHHaa chctomb ypaBiicniiii 
(11.92), (11.102), (11.103) no CBoeil 3araicH, ecnn He BaaBaTBca b cymecTBO 
noneii A' , IE , E' 0 , npaKTHHecKii 3KBiiBaneHTHa oomenpunnToii 3amicH 


bojihobbix ypaBHeHiiii ana noneii A , H , E [11] 


1 

5 2 A 


AA-- 

c 

^V = 0, 

8~t 

(11.104) 

~ 1 

5 2 H 


AH — 

c 

-^- = 0, 
d 2 t 

(11.105) 

~ 1 

8 2 E 


AE - 

c 2 

V=o. 

d 2 t 

(11.106) 

0/niaKo, TeM He MeHee, MaTc\iaTHHccKaa cTporocTB 

ypaBHeHiiii (11.92), 


(11.102), (11.103), Kax h ypaBHeHiiH (11.11)—(11.18), (11.24), eme He CBnne- 
TejiBCTByeT co6oil o tom, hto peammie cj)H3iiHecKHe nponeccBi n cootbctct- 

ByiOIlUHl I1M (])H3Il'ICCKaa eyillHOCTB ^eilCTBIlTeUBHO nOJIHOCTBIO OTpaVKaiOTCH 
(JiopMajiBHoii cymHocTBio 3Tiix ypaBHeHiiii. HanpiiMep, npn oomcnpmiHTOM pe- 
uieHini cucTeMBi ypaBHeHiiii (11.11)—(11.18) b bh.tc (11.26) yace b hbhom Bii/ie 
06 ii apy> khB aeTCH npiiHuiinnajiBHoe HeeooTBeTCTBiie (fiopManiTiMa ypaBHemin 
IlyaccoHa (11.26) n ero pemeHiia (11.27) c hcthhhoh iipiipo.ioii tokob cMeme- 
Hiia [6]. YKa3aHHBie iiccootbctctbhh b KaKOH-TO CTeneHii oobhciihiot tot (jiaKT, 
hto b miTepaType OTcyTCTByioT nenoepe/ieTBeniiBie pemeniia ypaBHefflia Ilyac- 




570 


3JIEKTP0flHHAMHKA <MI3IIHECKOrO BAKYYMA 


coHa (11.26) 'icpci tokh cMcmcinia. h ocymecTBnaeTca 3aMeHa no/ioonoro pe- 
memra panoM cjiopManBHBix, no CBoeMy cymecTBy, m aTc m a t ii h e c k h x onepaipra 
[7, 14], Cnc/iycT otmothtb cine, hto (J)opMajiH3M ypaBiieima IlyaccoHa h ero 
pemeima b 3HaHHTenBHOH CTenemi cnocoocTBOBan yKopeHemno b 3JieKTponn- 
HaMHKe h npyrux oOnacTax (J»h3hkh napa/ioKca.rr b noro, no CBoeMy cymecTBy, 
npuHnuna nanbHoneHCTBHa. llpHBcncnnBic oocToaTeiiBCTBa. KaK n pan npyrux 
[6], CTaBaT non coMHemie oomenpmiaTBiii mcto/i CBcncnmi ypaBiicimii (11.11)- 
(11.18) k ypaBHemno Tuna IlyaccoHa (11.24) n sacTaBnaioT npennonoacHTB B03- 
M05KH0CTB cyinecTBOBaima n npyrnx mcto/iob pemeima nx, (J)opMann3M koto- 
ptix He Haxonniica obi b Taxon CTeneHH b npoTHBopenun c (Jihbhkoh onucBiBae- 
mbix aBJieHnn. II no.TTBepvKneimcM OTOvty mo/Kct obitb xotji obi mcto/i Heno- 
cpencTBciiiiBix pemeHun ypaBHeHnn (11.11)—(11.18) 'icpci tokh cMcmeniia 6e3 
BBiBO.Ta ypaBiieima IlyaccoHa [6], AHanorHHHBie bbibo/ibi movkiio cnenaTB n ot- 
HOCHTeJIBHO (])Op\ta.riBIIOH CymHOCTH BOJIHOBBIX ypaBHCHHH (11.92), (11.102), 
(11.103), KOToptie cnenyeT paccMaTpiiBaTB tohbko KaK o/ihii H3 cnocoooB MaTe- 
MaTnnecKoro oniicamia stbjtci run paenpoeipaiieima oneKTpo m ar11n t 11oil bouhbi. 
B nacTHOCTH, KaK 6y/ieT noKa3aHO iimvkc, onpeneneHiie BuxpeBBix MamuTHbix 

H’ , If' n BnxpeBoro ojieKTpnnecKoro E' 0 nonen 3.3e kt po m ar 11 hti ioii bouhbi 

OKaBBIBaCTCH B03M0VKIIBIM TOHBKO npH HCn0JIB30BaHHH MCTO.Ta pemeima /lH(jx[)C- 
peHHHajiBHBix ypaBHeHnn iienocpencTBciiiio 'icpci BuxpeBBie tokh cMcmeniia 

j CM , 6e3 HcnoJiB30BaHna ypaBHeHiiil IlyaccoHa ( ) , ( ) 2 n t.,t. b (11.46). 

OnpenenHM KOHKpeTHBie BBipaaceHiia on a BuxpeBBix MariinTiiBix H’ n 


BuxpeBBix ojieKTpHHecKHX E' 0 nonen 3 jt e kT po m ar i m tii oii bouhbi. ripe/mapii- 
TeJIBHO OTMeTHM, HTO, COTJiaCHO (jiyHKHHOHajIBHOH CXeMe (1 1.46), npH 33/13111IOM 
hcxoahom nepeMeHHOM bo BpeMeHii aneRTpiiHecKOM none E(r,l) ycKopeHHo 
/iBHVKymeroca iapa/ia e oxaiBiBacTca iicoGxo/ihmbim cHanana onpencmiTB koh- 
KpeTHBie BBipa>Kciina /ina MariinTiiBix nonen II' L , HI h BnxpeBoro TncKTpii'ic- 


ckoto nona E. JS, na iiaxo>K/ieima MarHHTHBix nonen 
My ypaBHeHnn { } i (11.46) b Biine 


rotH 


div Hi = 0, 


j. 


1 5E 4n . 

^7 + — J 
c at c 


n 

cm ’ 


H' 


7/|], BBimimeM cucTe- 

(11.107) 

(11.108) 


— grad A/ 1 | 


J_5E 
c dt 


(11.109) 
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OCHOBBIBaaCB Ha ODmC(])H3H l ICCKHX HpC.lCTaB.BCimaX O CBOHCTBaX TOKOB CMeme- 

him [1-4], pemuM cucTeMy ypaBHeHHil (11.107)—(11.109) h onpe/icuHM MarHHT- 
HBie nonB II L , H .iBHVKymcrocH o/ii-mcnioro iapa.ia e, He npnGcrasi k c[)opMa- 


jiH3My ypaBiienini IlyaccoHa h ero pemenioi [6]. 

Ot jieBOH h npaBoil 'iacTH ypaBHemiJi (11.108), npe/iBapHTCHBiro vmiio’A'hb 
hx Ha 4ji, onpeaenHM HHTerpan no nnocKoil, ncpncn/inKynapnoH k HanpaBJie- 
hhk) /IBH/Kcniui japa/ia noBepxHOCTH So Kpyra pa/inyca r 0 , neiiTp KOToporo Ha- 
xoxihtcji Ha TpaeKTopnn .iBHAcniiJi japa/ia e 


1 

4k 



( 11 . 110 ) 


HcnonB3yB TeopeMy CTOKca h ymiTBiBaa (11.9), (11.10), nepemimeM (11.110) b 
BH^e 


(j CM± </S = 0). 

L S 0 


(lull) 


CoraacHO [1], Rim axcHajiBHOH cocTaBJiaiomeH iijiothocth TOKa CMememm j CM ) b 
npOH3BOJlBHOH TOHKe MO)KHO 3anHcaTB 


1 e\ 2 3 

jcMii = --r(3cos (p-l)sin <p. 

4k r 


( 11 . 112 ) 


CooTBeTCTBeHHO, aim HHTerpana b ripaBoil nacTH (11.111) naxo/iHM 

^cm||= jjc„||« = ^sm 3 (p, (11.113) 


So 


r/ic / CM || - tok CMemeHiM 'icpe i noBepxHOCTB Kpyra So- YnuTBiBaa, hto KOHTyp L 
npe/iCTaBJiflCT coooil Kpyr pa/inyca r 0 , jieByio h npaByio Haem ypaBHemui 
(11.111) M05KHO npe.lCTaBHTB B BH/IC 

-^(2t ir 0 H ± ) = -I CMll (11.114) 

4k c 

huh 


c r 0 


(11.115) 
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T.e. nojiyHHjm H3BecTHyio (jjopMyny aim BeKTopHoro Man iht no ro noira // ot 
nHHeHHoro TOKa I n . IIoflCTaBJHra b (11.115) BBipaacemie (11.113), aiui 3HaneHHS 
BeKTopHoro MarHHTHoro norm H Ha noBepxHOCTH Tpy6iai TOKa CMememui / CM || b 
cc'icmhh S 0 yCTana bjihb a cm 


H l = — —y-sin 3 cpP 0 

r- ^ 


(11.116) 


huh, npo in bo/hi 3aMeHy ro = R sin <p, OKOii'iaTCJibiio naxo/iHM 

u 1 ev ■ n 

H ± =-ysmtpPo. 

c R 2 


(11.117) 


PaccyvK/iavi aHanorHHHBiM o6pa30M, /uni /i h (]) <]) epeffljuajibHoro ypaBiiciiim 
(11.109) TaK5Ke movkiio 3anHcaTi> [3] 


= (j CM| dS = 0), 


(11.118) 


r/pc HHTerpupoBaHHe npoBO/uiTCJi y>Ke no 6 okoboh noBepxHOCTH ,S ' 6 pmimmpa 
pa/inyca r 0 h bbicotoh l 0 (r 0 2 +/g =R 2 ). Tax Kax rjw pa/jnajiBHOH cocTaBiuno- 
IUCil njIOTHOCTH TOKa CMeiHCIlHH j CM 3aBHCHMOCTB HMeeT BH/1 


Jcm± = - —cos (psincpr 0 , 

4tt / 


(11.119) 


TO /UIH COOTBeTCTByiOmerO TOKa CMCIIICIIIUI / CM HCpCi OOKOBVIO nOBepXHOCTB ,S 6 


11aXO/lMM 


4 m! = [jcMl^S= : ^-COS 3 (p. 
J 21 n 


( 11 . 120 ) 


B cbok) o'icpc.TB, Rjm neBOH 'iacTH BBipavKemui (11.118) movktio 3amicaTB [6] 

J grad H^dS = oj dS = ^-^-(2nr 0 l 0 ) = 2nI 0 H {] . (11.121) 


IloflCTaBiiaa (11.120), (11.121) b (11.118), ycTaHaBJiHBaeM 

H \\ 1 

~~ (2tc/ 0 ) = — / cmJ _ 

4tt c 


( 11 . 122 ) 


HJIH 




TnaBa 11. BonHOBoe ypaBiicnire aim BiixpeBoro ajieiapHHecKoro h /iByx thiiob 
_ BHxpeBBix MarHHTHBix nonei! ycKopeHHQ jBH>KymerocB 3apaja _ 573 

H (11.123) 

c h 

hto no BH/iy 3KBHBaneHTHO 3anncn (11.115). npiiHHMaa bo BHHMaHne (11.120), 
3annct (11.123) npiiHHMaeT o k o n h ht c jt b n b i il bi-i/i 

H,, = — -^-cos 3 cp = — -^-coscp . (11.124) 

c / 2 C R 2 

TaKHM o6pa30M, BBipavKcnna (11.117) n (11.124) onpc/icJiaioT coooil BeKTopHoe 
h CKanapHoe ManimriBic nona Hj, // ,TBH>KymcrocH ycKopeHHO iapa.ia e b mo- 

MOHT ,10CTH>KCnil!-I HM CKOpOCTH V. 

l Ito 5Ke KacacTca onpeflenemM BeKTopHoro noTeHipiajia A (11.129) /ibh- 
VKymcroca ycKopeHHO japa/ia e b npon3BonbHon tohkc N, to oh mo>kot obitb 
onpc.iC-Bcn, HanpuMep, npocTtiM cooTHomeHneM 'icpci H3BecTHyio BenHHHHy 
CKanapHoro noTcnniiajia (p(r,l) (11.7) b 3toh >Ke tohkc 

ex ex 

A(r,0 = —cp(r, t) = ——. (11.125) 

c cR(t) 

H3 (11.125), b 'iacTiiocTH, bh.tiio, hto cyimiocTB BeKTopHoro noTeHnnana A mo- 
>KeT obitb BBipa’A'ciia, oriHTB 5Ke, toubko c rioMoiUBio (])op\ta.3BHoro ripnniinna 
^ajiBHoaencTBHii nenocpe/iCTBCimo nepe3 xapaKTepucTUKH sjieKTpiiHecKoro 3a- 
pam e h B03MO>KnocTB BBipa’A'ciiiw ero ncnocpe.TCTBcimo nepe3 tokh c\tcmcnn!-i 
j CM (11.9) iapa.ia, ji0KajiH30BaHHBix bo bcom OKpyacaiomeM npocTpaHCTBe, npaK- 
THHeCKH HCKJIIOHaeTCB. 

Cac/iycT TaK5Ke otmcthtb. hto 3HaHefflie BeKTopHoro noTcnniiajia A ana 
paccMaTpiiBaeMoro cnynaa mo>kot 6bitb onpeaeneHO h nocpe/iCTBOM ncnonB30- 
BaHna pe3yjiBTaTOB pemeHHH (11.117), (11.124) nnn mbthuthbix noneil Hi n // 
.TBHVKymcrocJi sapa/ia, ecnn 3a/iaTBCH ycnoBiuiMH (11.16), (11.17), T.e. 

Hi = rot A, (11.126) 

H\\ = - div A. (11.127) 

YcnoBne (11.126), HanpuMep, b pumiH^puHecKOH cucTeMe Koop/praar mohcho 
3anncaTB b bh.tc 

r) A 

Hi=- — Po> (H-128) 

or 


OTKy^a Rim Mojxynn BeKTopHoro noTemjHajia |A| mo>kho HaHTH 
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A = - H , dr . 


(11.129) 


IIoflCTaBJijra b (11.129) 'iiia'icnnc II (11.117), nonyHHM 




r dr 


„ i ( 2 . 2x3/2 

c j (x 0 +r ) 

lliiTerpupysi (11.130) b npe/icnax ot r = r 0 ao r = oo, oy/icvi HMeTb 


(11.130) 


A = — - 


ev 


/ 2 , 21/2 

c(x 0 +r ) 


ev 

(7? 


(11.131) 


rfle 7? = -yj.XQ +r 2 . 

TaK KaK HanpaBneHiie CKopocra v coBna/iacT c ocbio x, to b BBiopaimoil 
CHCTeMe KOOp.lHIiaT MO)KHO 3anHCaTb 


A = — . 
cR 


AHanornHHO, ncnonb3ya ycnoBiie (11.127) h 3amicaB ero b bh/io 

M 

aim Moziyna BeKTopHoro noTeHmiana |A| ycTaHaBJiHBaeM 

OO 

, , ev f xdx ev 

A= \Hudx = — — -—— = —, 

J c J ( X q +r“) 3/2 cR 


(11.132) 


(11.133) 


(11.134) 


HTO, OIMTt VK'C, COOTBOTCTByOT 


A = — . 
cR 


(11.135) 


B nojiyneHHbix BBipavKcnnsix (11.132) h (11.135) npe/iCTaBJiHCT HHTepec caM 
npoucc'c HiiTerpupoBaiiHH (111.31) h (11.134), KOTopBiil no3BOJiaeT b KaKoil-TO 
CTeneHH nonsm, ([)H3H l iccKyio cyiimocTB BeKTopHoro noTeHunajia A /iBHVKyme- 
rocsi aapsi/ia. H 3 (11.131) h (11.134), npevK.ie Bcero, cneayeT, hto BCKTopiiBiii 

nOTCIIHHa.ri A B TOHKC HaOlIIO^eHHJI N MO>KeT OBITB onpc.l C-BCH ,1 By MSI paBIIOUCII- 
HBIMH CriOCOOaMH. n P H 3TOM, COTJiaCHO (11.131), (])H3H'ICCKaSI CyillHOCTB BeK- 
TopHoro noTeHunana A b tohkc MiCvo/o) OKaibiBacTcsi CBsnaimoii co Biia'icniicM 
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BeKTopHoro MarHHTHoro nonn H bo Bcex TOHKax N(xQ,r 0 ), naxo.THiniixcH ot och 
x .nanBiue, neM TOHKa Ha 6 nio^eHiM N 0 (xo,ro). CoraacHO >Ke (11.134), (J)H 3 HHecKaa 
cymiiocTb BeKTopHoro noTeHmiana A b to'ikc N 0 (xo,ro) OKaibiBacTca CBjnaimoii 
co 3 HaHeHiieM Tenept ynce CKanapHoro ManiHTiioro nona //. bo Bcex TOHKax 
;V(a'o, /'o), naxo.THiniixcH ot nnocKOCTH S, n e p n c 11 ,t n Ky jit p 11 oii k iianpaBJieiiiiio 
nBiincefflia h nepeceKaiomeH japan, nanBiue, hcm TOHKa iiaojiioneiiiia N 0 (xo,ro). 
Ecnn ace onciiHBaTB (11.131) h (11.134) cobmcctho, to mtokho CKaiaTb, hto bck- 
TopHbiii noTenniian A (11.132), (11.135) b tohkc iiaoinoneiiiia N 0 (x 0 ,r 0 ) oripc.TC- 
JTflCTCfl X apaKTCpHCTHKaMH II OUCH Hi H H B IipOCTpaHCTBe BHe C(])CpBI ,S'o pa.THy- 
ca R 0 h He HMeeT HHKaKoro n e n ocpencT b e i m oro othohichhb xax k caMOMy ,tbh- 
ncymeMyca 3 apany e, Tax h k MarHHTHBiM nonaM Hi 0 h 77||o BHyTpn ccjiepBi So- 
/(aHHBIH BbIBO.T npCHCTaBJITCTCT .TOCTaTO'IIlO HarUBflHBIM .TO Ka 3 BTC J 1 BCTBO M 
(])opMa.Tbiioil cymHOCTH 3 anncn (11.132), (11.135) 'icpci xapaKTepucTHKH 3apa- 
,Ta h no.TTBcp/K.TacT cymecTBOBaHne cbb3h BeKTopHoro noTeHmiana A tojtbko c 
xapaKTepucTHKaMH MarHHTHBix noneil Hi, II bo bccm npocTpaHCTBe BHe o 6 ueMa 
3 apana e. 

lIcnoJiBiya iiail.TcnnBic iiiaHcniiT BeKTopHoro iiotcii niiana A (11.125), 
(11.132), (11.135) huh nenocpcncTBeniiBic pcaynbTaTbi pemeHHH (11.117), 
(11.124) nna MarHHTHBix noneil Hi h II ycKopeHHO .TBiivKymeroca japana e, 
npe.TCTaBnaeTca bo3mo>khbim onpe.TC.THTB n miTynupycMoe japanovi BiixpeBoe 
T.TCKTpn'iecKoe none E, BoenonB30BaBniHCB (]>ynKHHonanbHbiMH 3aBHCHM0CTa- 
mh BH^a (11.32), (11.41), T.e. 

E = --^, (11.136) 

c ot 

oo 

E = — —— f (H\ + ) dV . (11.137) 

4jiev ot J 

v 0 

CpaBHHBaa (JiynKUHona.TbHbic 3aBHCHM0CTH (11.136), (11.137) ana BiixpeBoro 

TJTCKTpn'ICCKOrO IIOJTM E B TO'IKC IiaOniO.TCIlHa /V 0 Ha nOBepXHOCTH cijicpbl So 
pa.Tnyca R 0 c ([lynKHHonanbiioii 3aBHCHMocTBio (11.132), (11.135) ana BeKTopHo¬ 
ro noTeHunana A b tohkc naomoneiiHa No Ha noBepxHOCTH ajicpbi .So, movkiio 
oonapyvKHTb mOK.T y hhmh onpeucncnnoc cxo.tctbo. B 'iacTiiocTH, earn BeKTop- 
HBIH nOTeHHIiajI A B KaKOH-nH6o TO'IKC No Ha nOBepXHOCTH ajicpbi .S'o OnpC.TC.TT- 
CTca tojibko iiia'icimcM nanpavKcimocTH MarHHTHBix noneil Hi h II bo Bcex 
TOHKax npocTpaHCTBa BHe ajicpbi .So, to BeKTop BiixpeBoro oneRTpunecKoro nona 

E b mo6oil npoH3BonBHoii TOHKe Ha noBepxHOCTH ajicpbi .So onpenenaeTca yace 
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BennHHHOH SHepriin IV// 3thx ace MarHHTHBix noneii Hi h H b npocTpaHCTBe bhg 
ccjiepBi ,S' (I . TaKHM o6pa30M, KaK BCKTopiiBiii noTeHHiian A, Tax h bcktop Biixpe- 
Boro 3 jt c kT p h' icc ko ro nona E ycKopeHHO HBiiacyincroca lapa.ia e, HanpiiMep, Ha 
noBepxHOCTH c(])cpi)i ,S'o pa/inyca R 0 onpenenaioTca tojtbko xapaKTepucTHKaMH 
MarHHTHBix noneii Hi h //, noKajiH30BaHHi>ix bo bcom npocTpaHCTBe bho ccjiepBi 
So pannyca R 0 . Ilpn stom BCKTopiiBiii noTcnniian A h BuxpeBoe sneKTpHHecKoe 
none E oKasbiBaioTca cBaiamiBiMH Mcac/iy coooii BaBucuviocTBio ( 11.136). 

Haii/icimoc inaHcniie (11.136), (11.137) aim BuxpeBoro sneKTpiiHecKoro 
nona E npe/iCTaBnacT HHTepec b tom OTHomeHiin, hto o6menpiiHaTBie npc/i- 
CTaBnemia 06 Tiiepnin If), 3ncKTpnHCCKiix noneii, onpcncnacMoii cornacHO H3- 
BeCTHOMy BBipaVKCIlHIO 

W E = — [e 2 dV (11.138) 

871 J 

V 


k BHxpeBOMy 3JieKTpHHecKOMy nomo E (11.136), (11.137) 0Ka3biBai0Tca y»ce 
npHHLtHIIHaJIBHO HenpHMeHHMbIMH, T.e. 

W E * — [e 2 dV . (11.139) 

8 71 J 

V 


06ycnoBneHo sto, ohcbh.tiio, TeM, hto BuxpeBoe sneRTpiiHecicoe none (11.137), 
caMO aBnaacb onpcncncimoii (j)ynKnneii ot ckopocth H3MeHeHna SHeprnn W E 
MarHHTHBix noneii Hi n H 


1 8W h 
4nev dt 


(11.140) 


rnc 3Heprna W E onpcncnacTca 3aBHCHMocTBio 

W H =-j-[H;dV, (11.141) 

8n J 

v 


He mO/Kct npe.iCTaBnaTB co6oii none, k KOTopoMy 6[ana 6bi bhobb npiiMeHHMa Ta 
ace caMaa 3aBHCHMOCTB (11.138). 

J\jisl nonHoro onpcncnciiiia BCKTopa BuxpeBoro 3ncKTpn'iccKoro nona E, 
iiaiincM 3HaHeHiie CKanapHoii (JjyHKmiii y, /in a KOTopoii /lonacno 6 bitb cnpaBC/i- 
miBO 

E = -grady. (11.142) 


B nnnniinpn i iccKoii cucTeMe Koop/uinaT 3anncn (11.142) mo>kct eooTBeTCTBo- 


B3TB 
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E = -^x 0 , (11.143) 

OX 


OTKy^a Rim CKajiapHOH (jjymcijHH y mo>kho 3 anncaTb (r = const) 



-'0 

I 


dx 

I 2 , 2 
sjx + r 



(11.143) 


TaKHM o6pa30M, nonHoe pemeHHe chctcmbi ypaBneimii (11.107), (11.108), 
(11.109) II03B0JTS1CT OnpC.lC.BHTB BCe HCXO/IHBIC nOJM H , // , E , A, y yCKOpeHHO 
.iBH’A'ymcrocJi lapa/ia e 


— [vxE] = 

c 

~[vxR], 

cR 3 

(11.144) 

-(v-E) = 
c 

-^(v-R), 

cR 3 

(11.145) 

1 dA 

e dx 

(11.146) 

c dt 

c 2 R dt ’ 

A V 

A = — cp = 
c 

ev 

(11.147) 

-^ln 

r 

(11.148) 

! dt v 

1 2 2 3 


l o T V A o 


KOTOpbie COOTBGTCTByiOT II02MM A, II , H , E (JiyHKHHOHajIBHOH CXCMBI (11.46) 
3JieKTpOMarHHTHOH BOJIHBI. 

y CTaHOBHB B 03 M 02 KH 0 CTB OnpCACJICHHJI MarHIlTHBIX II OH C it Hj, II \ H 3 CHC- 

tcmbi ypaBHeHHH (11.107), (11.108), (11.109) nenocpe/iCTBCimo l icpc3 tokh 
CM cmcima j CM KynoHOBCKoro aneRTpiiHecKoro nona E .iBHVKymcrocH lapa/ia e, 
aHanornHHbiM o6pa30M mtokho nonBiTaTBca nalmi pemeimsi h ansi BiixpeBBix 

MarHHTHBix noneil II' , H'. ot BiixpeBBix tokob CMcmcniHi j CM (11.42), a TaioKe 
BiixpeBoro MCKTpH'iccKoro n o.t a Eg (11.45). BBinumeM cucTeMy ypaBiieiiiiii 
ansi BiixpeBBix MarHHTHBix noneil II' , HI b bh.tc 


divH^ = 0, 


( 11 . 149 ) 
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1 <5E 

rot H | =-, 

1 c dt 

(11.150) 

a dr 1 

-grad//,! =-—. 

c dt 

(11.151) 


npHHHMaa BO BHHMaHHe (11.146), RRH KOMnOHOHT BeKTOpa I1JIOTHOCTH BHXpeBO- 
ro TOKa cmcihciihh j CM movkiio janucaTb (dv/dt = const) 


1 SEy 1 e <5v d f I s ) 
4k dt 4n c 2 dt dt\Rj 


1 e d\ x dR 
4k c 2 dt R 3 dt 


(11.152) 


7 

W 4n dt 


(11.153) 


Tax KaK BuxpeBbie tokh CMcmenwi j CM y>Ke He hmciot ripavioro OTiiomcniw k 
^BH>KeHHio peanbHoro japa/ia e, to CKopocTt dv/dt b (11.152) MOTKeT cootbctct- 
BOBaTB Tenept tojibko CKopocra c pacnpocTpaneima 3apo5K^aiomeHca aneiopo- 
MarHHTHOH bojihbi. B 3tom cnynae rjul (11.152) oy.icvi hmctb 


1 e dv x 
4k c dt R 3 


(11.154) 


C yneTOM (11.110), (11.111) h (11.154), ypaBHefflie (11.150) motkho npexiCTa- 

BHTb B BH.TC 


^-|H^ = iJj CM|it /S. (11.155) 

L S 0 

AHajiornHHo paHHee ncnonb 3 yeMOH 3 aBHciiMocTii, BBionpas noBepxHocTb iih- 
TerpupoBaHHJi ,S' () b bh/ic Kpyra pa/n-iyca r 0 , nciiTp KOToporo naxo/iHTca Ha TpaeK- 
TOpHH .IBH/KCIIMM japjl/ia e Ha paCCTOMHHH X <t OT Hero, a njTOCKOCTB nOBepXHOCTH 

So nepnen/iHKyjiflpna k nanpaBJicnwo .tbh/Kciim>i japa/ia, aim (11.155) movkiio 
3anHcaTi> 


-^(2t ir 0 H' ± ) = -I CMll 
4k c 


(11.156) 
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OTKy.ia cuc/iycT. hto nanpjivK'cnnocTB BiixpeBoro MarHHTHoro nona //' b npo- 
h3bohbhoh tohkc N 0 (xo,ro) KOHTypa L, KOTopBiil oxBaTtiBaeT co6oil iiiiJiiiH/ipH- 
necKH cHMMCTpH'inyio TpyoKy Toxa cmciuciiiisi / CM || , onpe/ienaeTca bbiph/Kciihcm 

1 2 / CM || 

H' ± =-. (11.157) 

c r 0 

^na onpepeaefflia bcjiiuihiibi BiixpeBoro Toxa CMemeHiia / CM || 'icpci noBepx- 
hoctb So, Hcnoni>3yeM BBipa>Kciiiie (11.154) /pia naoTHOCTii BiixpeBoro Toxa CMe- 
UieHIia jcM ( R o= V x o +r o 2 ) > HaxoaHM 




r dr 


s o o 

riocne HiiTcrpupoBaiiHJi b (11.158) 6y/ic\i hmctb 


{xl+r 2 ) m 


(11.158) 


~ _ e dv 

''cm|| — — 


2 c dt 


1 — 


o 


{4+rtr 


(11.159) 


IloflCTaBJiM HaH/jeHHoe 3 HaneHiie / CM || (11.159) b (11.157), /pia HanpaaceHHOCTii 


BiixpeBoro MarHHTHoro noiia //' Ha noBepxHOCTH Tpy6KH BiixpeBoro Toxa 
CMememui I CM ,, pa/iiiyco\T r 0 b ceneHHH So, iiaxoTsiiiuiMcsi Ha paccToaHini Xo ot 
3apa/ia e, nonyHHM 


H i=- 


dv 


■ 2 R n St 


l-cos<p 
sin (p 


(11.160) 


PTC R 0 - paccTosimie ot aapsi/ia e ,to tohkh iiaojiio/ieniisi /V (l . IIpHHHMaa bo bhh- 
MaHHe (11.136), (11.137), 3amici> (11.160) MoaceT 6 bitb npe/rcTaBJieHa enie b 
Biipe 


H' l =E 


1 - cos cp 
sin tp 


(11.161) 


CornacHO (11.161), /uni inanciiHa nanpjivKcimocTH BiixpeBoro MarHHTHoro nona 
H' b 11cpncn t nKy .t sipno m ot TBHVKyincrocsi ycKopeHHo sapsipa e HanpaBJieHini 
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npn 9 = 90° 6 y/ic\t hmctb 

H' x = E , (11.162) 

b to npcvoi KaK /uui nanpfl>KcnnocTH BuxpeBoro MarHHTHoro nona //' baojib 
TpaeKTopira ,tbh/Kciim>[ xapfl/ia e npn cp = 0° naxo/iHM 

H' l = 0. (11.163) 

H 3 ycnoBiM (11.153) ann CKajiapHoro BuxpeBoro MarHHTHoro nona mo>kho, ohc- 
bh/uio. 3anncaTb 

H\= 0. (11.164) 

J\jm onpeaeneHiM BuxpeBoro MarHHTHoro nona //' (11.162) KaK BeKTopHOH 

BennHHHbi ycTanoB.BCimyio ianucb cnc/iycT npe/iCTaBHTB b bh.tc 

Hf | =E^^ = E[v 0 xR 0 ], (11.165) 

vR 

TaKHM o6pa30M, BHxpeBoe MarHHTHoe none H' ± (11.165) ojieicrpoMarHHT- 
HOH BOJIHBI ^eHCTBHTeJlbHO CymeCTBeHHO OTJIHHHO OT BeKTOpHOrO MarHHTHoro 
nojia Hi ^BH^cymerocB: 3apjma h He Mo^ceT 6 bitb hm 3aMeH^eMO. OTJiHHHe oto, 
npeac^e Bcero, 3aKjnoHaeTCfl b tom, hto HanpjDKeHHocTB BnxpeBoro MarHHTHoro 
nojia n HBnaeTca y*e (|iyi ikiihcit, o6paTHO nponopiiiioirajiBiroii pacGTOHHHK) R. 
a He o6paTHO KBa/ipaTH'inoii. KpoMe toto, xapaKTep pacnpe/icneimsi nanpjivKcn- 
hocth BuxpeBoro MarHHTHoro nonH II' b npocTpaHCTBe okojio .iBHVKymcrocJi 
ycKopeHHo sapa/ia e OKaaBiBacTca y>Ke cymecTBeHHo otjihhhbim ot pacnpe^ene- 
him .TByx THnoB MarHHTHbix nonetf H . // 3Toro >Ke iapa/ia. FTp h stom HanGonee 
eymeCTBeHHBIM OTJIHHHCM dlC/iyCT CHHTaTb TO, HTO K BHXpeBOMy MarHHTHOMy 

norno II' (11.165), aHanorHHHO KaK h k BHxpeBOMy 3Ji c KTp h h c c kom y norno E 
(11.139), OKa3biBaeTC5i HenpiiMemiMbiM npe/iCTaBncnnc 06 sncpri-m Wh 3Toro 
nona, onpeflenaeMOH H3BecTHOH 3aBHCHMocTbio bh/ui (11.138), T.e. 

W H a — f H ' ± 2 dV . (11.166) 

8ji J 

v 

nOC.riC.TIICC MO/KCT COOTBeTCTBOBaTB TOMy, HTO BHXpeBbie 3JieKTpHHeCKHe E H 
BHxpeBbie MarHHTHBie II' nona, bobmovkiio, nrpaioT tojibko KaKyio-TO BcnoMO- 




TnaBa 11. BonHOBoe ypaBircirnc nnn BiixpeBoro sneiapHHecKoro h /inyx thiiob 

_ BHxpeBBix MarHHTHBix noneil ycKopeHHQ jBiDKymeroca 3apaja _ 581 

raTentHyio pout b oneKTpoMarHHTHoil bojihc, h jncprwi hx He MO)KeT 6 bitb bbi- 
fLBSiena B HBIIOM BH/1C. 

TaKHM o6pa30M, m aTc m aT ii i i cckii KovmaKTnaji h cTporan c])op\ia 3anncn 
BonHOBoro npopecca (11.46) pacnpocTpaiiciiiisi 3 jt c kT po m arim t noil bouhbi b 
BH^ e bojthobbix ypaBHeHiiil (11.92), (11.102), (11.103) TO>Ke He niimeHa pa3Horo 
pon,a npoTHBopeHHH, oOycnoBneHHBix, b ochobhom, ijiopManBiioil cymnocTBio 
BonHOBoro ypaBiicnm-i (11.47). OopManH3M iicxo/nioro BonHOBoro ypaBiicnm-i 
(11.92) oOycnoBneH, b nacTHOCTH, (])op\iajiBHBiM, He hm6foh;hm mi'icro o6mero c 
aeHCTBHTeUBHOCTBK), HHCTO MBTCMa TII 'I CC KIIM npiieMOM 3apHKIIHBaHIM ypaBHe¬ 
HHH (11.80), (11.81), no CBoeii cyra npoTHBopciaimiM ocHOBHOMy 3aKOHy npn- 
HHHHo-cjie/icTBeHHOH CB5I3H npouccca pBH/K'cnini. hto 3a jik)6oh npuHHHOH cne- 
ayeT nocnc/iyiomcc cne^cTBue, a He npcjiBi/iymcc. O/inaKo, TeM He MeHee, npn- 
Be/ieHHbiH Bbirne bbibo,h bouhobbix ypaBHeHnil (11.92), (11.102), (11.103) zuia 
3JieKTpOMarHHTHOH BOUHBI C HC no.ri B30BBIIhcm ypaBHeHHH (11.11 )— (11.18) nna 
/iByx TiinoB MarHHTHBix noneil H L , // .TBiivKymcrocii iapa/ia oKaiBiBacTcn b 3Ha- 
HHTenBHo OonBiuen Mepe ooociioBamiBiM h nocTOBcpiiBiM no cpaBHeHHio c H3- 
BecTHBiM, Tax Kax 6a3HpyeTc?i Ha 6onee peanBHBix npe/icTaBJiciiiisrx o iipnpo/ie 
3JieKTpHHeCKHX E H MarHHTHBix Hi, H\\, H BHXpeBBIX 3JTCKTpII’ICCKHX E H BHX- 
peBBix MarHHTHBix H' ± , //' noneil ycKopeHHO /iBHncymerocii lapa/ia e. BnepBBie 

>Ke BBC.TCIIIIOC (])Op\ia.riBIIOC npC/lCTaBJICIlHC O «3ai|IIKnHBailH5T OCCKOIlC'IIlOrO 
u,HKJiHHecKoro nponccca» noMoraeT nofflTB BcnoMoraTenBHBiil xapaKTcp hc- 
nonB3yeMBix hhcto MaTCMaTH'iecKiix npneMOMOB n TeM caMBiM, cymecTBeHHo 
yrnyoiiTB iioiin\iaiinc onucBiBaeMBix peanBHBix (Jjhihhcckhx iipoucccoB. 

Ilocne ycTaiioBnciimi 3aBHCHMOCTeil .inn BHxpeBBix MarHHTHBix noneil II' 


(11.165), HI (11.164) 0Ka3BiBacTcn bo3mo>khbim onpcncniiTB n HiinymipycMoc 


hmh HOBoe BuxpeBoe 3n c k Tp ii 'i cc k o c none E' 0 , .inn nero iicooxo/iiimo npc/iBa- 
pHTenBHO, aHanorHHHO Kax n b (11.132), onpeaenHTB MoaynB BiixpeBoro Beic- 
TopHoro noTeHHHana 


A' = 




(11.167) 


J\jm BeKTopa BiixpeBoro noTcmiiiana A', eooTBeTCTBeHHO, movkiio BarmcaTB 



(11.168) 
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B 3tom cnynae HOBoe BuxpeBoe sneRTpunecKoe none E' 0 MonceT 6bitb onpcnc- 
jieHo cornacHo 3aBncnMocTn 


El— 

c dt c 


f e dv v 


\c 


dt 


1 - cos cp 
v sin tp j 


(11.169) 

R dt 


rionaran bhobb dR/dt = c, ana (11.169) oy/iCM HMeTB 


Eq =' 


e 5v 


2 R dt 


1 - cos cp 
sin tp 


(11.170) 


3amicn (11.170) movkiio npunaTB eme bh/i 


E' 0 =E 


1 - cos cp 
sin tp 


(11.171) 


CpaBHHBan (11.171) c (11.161), oOHapyncnBaeM, hto HOBoe BuxpeBoe sneKipn- 
necKoe none E' 0 3JTCKTpo m ariin t noii BonHBi HMeeT tohho TaKoe nee pacnpe/iene- 
Hne b OKpyneaiomcM nBiineymniicfl iapa/i e npocipaHCTBe, ieaie n hcxo/iiioc ana 
Hero BuxpeBoe MamuTHoe none IE (11.161) n bo Bcex TOHKax npocTpaHCTBa 

nona II' n E' 0 no Bcnn'inne paBHBi npyr npyry. hto cooTBeTCTByeT ynee 3Tany 
HHKna c(|) o p m n p o b a b m e iic a 3nc kt po m a r 11 mi i o ii BonHBi, hcm h ooocnoBBiBacTca 
bo3movkhoctb (JjopManBHoro «3ai(HKnHBaiiHH>> ypaBiicima Ha paccMaTpuBaeMOM 
3Tane pacnpocTpancniia 3Ji c k Tp o m a r 11 irm o ii BonHBi. l Ito nee leacaeTca HanpaBne- 

n h a BeKTopHBix noneii H' ± n E' 0 , to bo Bcex TOHKax npocTpaHCTBa ohh 
nepncii/iHKynapiiBi /ipyr npyry, n ana hhx movkiio 3anncaTB 


Hj_ = 


[RxEq] 1 
R sin tp 


(11.172) 


BBipaneemie (11.172) ana 3nCKTpo m aniHTi roii BonHBi BecBMa 6nn3KO k H3BecT- 
HOMy, 3anncBiBaeMOMy b bhmc [9] 


H ± 


[RxE] 

R 


(11.173) 


n nonyHeHHOMy npn nonymciinn BecBMa coMHHTenBHBix ycnoBnii n ncKoppcKT- 
hbix MaTeMaTHHecKnx npeo6pa30BaHHH, ieaie sto obimo noKa3aHO ynee BBinie. 
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6. Mh/iv kuhh nonepeHHbix h nponojibHbix sjieKTpoMarHHTHbix bojih 
yCKOpeHHO /JBHJKymHMHCH 3JieKTpHHeCKHMH iapSI UlMII H Hepa3pbIBHOe 
e^HHCTBO npnpo;u>i 3thx nojien 

OcHOBbiBaacb Ha koiiuciihiiii cymecTBOBaima b OKpy>KaiomcM Hac npo- 
CTpaHCTBe 3JieKTpoMarHHTHOH cpe/ibi (})H3H l iccKoro BaKyyvfa. HMeiomero He paB- 
Hbie HyjIK) 3JI C KTp H'IC CKH C H MarHHTHbie XapaKTepHCTHKH (e 0 ^ 0. Po -f- 0), pac- 
CMOTpHM 3anany H3JiyHcnna bjt e kt po m a ri m t ii bi x bohh otkpbitbimh 3JieKTpHHe- 
CKHMH H MarHHTHBIMH CHCTeMaMH. H3BeCTHO [15], HTO JIK)6oH He3aMKHyTOH 
CHCTeMBI TOKOB HMeeM 


rot A = Hi, (11.174) 

divA^O. (11.175) 

ripoBc.TeiinBiH aHanH3 noKa3BiBaeT [16, 17], hto b 3tom caynae HMeeT MecTo 

HHflyKHHB TOKBMH CIUC 0,1 noro BH,ia MarHHTHoro nojia 

H|, = - div A. (11.176) 

YneT peajiBHOCTH cymccTBOBaima cKanapHoro MarHHTHoro nojia //, pa3pemaeT 
Muonic HMCiomucca b 3ji e k Tpon hii a mhk e TpynnocTH h npoTHBopenna, CBaiaii- 
HBie, HanpiiMep, c noaHOH inepnicil MarHHTHoro nona iBHAymcroca 3JieKipn- 
HCCKoro iapa/ia h HapymeHHeM 3-ro 3aKOHa MexaHHKH b 3ji c RTp o ,i h h a mhkc 
npiiMeHHTeJiBHO k b 3a hmo,ic it ctbhi o ncpncn/iHRynapiiBix ijicmciitob TOKa, a 
TaKace hiiivkuhio KaK nonepeHHBix, Tax h npo.ioibiiBix sneKTpoviani ht n bi x bohh 

[5, 6], 

B o6meM caynae, aio6aa OTKpbrraa roayHaiomaa lacRTpoManminaa chc- 
TeMa npcicTaB.iaeT coooii He3aMKHyTyio CHCTeMy tokob, h naa nonHoil CHCTeMBI 
ypaBHeHHH inaynacMOH aaeRTpoviarannioii bouhbi b 3tom caynae 6y,ie\i hmctb 


TT 1 5E 

rot H | =-, 

1 cdt 

(11.177) 

1 8H« 

divE = 11 , 

c dt 

(11.180) 

div H ± = 0, 

(11.178) 

1 

rot E =-. 

c dt 

(11.181) 

grad H|| = 0,. 

(11.179) 
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(11.182) 

(11.183) 


Hi = rot A, 

H\\ = - div A, 

E = . (11.184) 

c dt 

jXJisi (11.177)-( 11.179) nojiyHHM 

1 d 2 A 

rot rot A =-— , (11.185) 

c d 2 t 

- div rot A = 0, (11.186) 

grad div A = 0. (11.187) 

H 3 (11.185)—( 11.187), npeo6pa3ya ^BOHHyio nacTHyio npoH3BO^Hyio h BBiHHTaa 
o^ho Btipa^ceHHe H3 jjpyroro, Haxo^HM 

AA — = 0. (11.188) 

c 8~t 

BonHOBtie ypaBiienini ara ojtcktph'icckhx h MarHHTHBix noneii iraxo/HiTCH /io- 
nOJIHHTeJIBHBIM ,HH(|H|)epeHHHpOBaHHeM 

i a 2p 

AE — —— = 0, (11.189) 

c d~t 

AH j_ —= 0 , (11.190) 

c d t 

1 d 2 Hu 

A/71,-^- = 0. (11.191) 

c 2 d 2 t 


He paBHtie Hynio MarHHTHbie nona II h H Hii/iymipyioT b npoeipaHCTBe coot- 
BeTCTBeHHO nonepcnibic h npoaoJiBHBie 3 ji c kt p o m a n in t n bi c bojihbi BiixpeBoro 
OJTCKTpH'iecKoro nona E. 

TaKHM o6pa30M, niodaa OTKptiTaa no ojieKTpunecKOMy nonio H3nynaiomaa 
cucTeMa (nHiio.rib, pynopHBie aiiTcniibi n t.,3.) H3nynaeT buck Tpo m a n m t ii bi c boji¬ 
hbi Kax c nonepcnioii Ej_, Tax ii c npo/ionBHOH Ey KOMnoHemon BCKTopa ajieic- 
TpnnecKoro norm, ho c 3aMeTHO OTJinnaiomHMHcn ,i Harp a mm oil nanpaBJicimocTH 
n HHTeHCHBHocTH. Run cnynafl >Ke HiJiy'iaioinux cucTeM, otkpbitbix no MarHHT- 
HOMy nonio (paMOHHBie aHTeHHBi n no/iooiibie hm), b npocTpaHCTBO ronynaiOTca, 
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B OCHOBHOM, BOJIHBI C IlOIlCpCmoil KOMnOIlCIITOil BeKTOpa BJTCKTpH'ICCKOrO nona 
Ej_. HHTeHCHBHOCTB riOnCpCIHOH HUH npOflOUBHOH 3JieKTpOMarHHTHOH BOUHBI 
OnpC/ICJiaCTCa B Ka>K/10VI CJiyHaC KOHCTpyKTHBHOH 0 C 06 eHH 0 CTBK) aHTOHHBI. Hc- 
cneaoBaHHUMH Ha pavioniibix aHTOHHax o6HapyaceHO, hto npn cnoaceHini /iByx 
npoTHBO(j)a3HBix curHajioB ot paMOHHBix aHTOHH cyviviapnaa /iHarpavivia Ha- 
npaBJieHHOCTH H3JiyHeHHa aHTeHHaMH nonepennon 3JieiapoMarHHTHOH bojihbi 
HM eeT HBIIO BBipaaCeHHBIH MHHHMyM H3JiyHeHHJI no OCH CHMMeipHH ,3ByX aH- 
TeHH, r/ic HMeeT MecTO non nan KOMneHcapna npoTHBO(j)a3HBix nonepcnibix 
3JieKTpoMarHHTHBix bojih. O/inaKO b oOaacTH nonHOH KOMncncaunn noncpci- 
HBIX 3JieKTpOMarHHTHBIX BOUH B03HHKaeT MaKCHMyM HIJiyHCWia npOflOUBHOH 
3JieKTpOMarHHTHOH BOUHBI, peniCTpaHIM KOTOpOH B03M0>KHa TOJIBKO COOTBeTCT- 
ByiOHIHMH npiieMHBIMH aHTeHHaMH RJISL npOflOUBHBIX 3JieKTpOMarHHTHBIX BOUH 
huh cneunanHBiMH /laT'in Ravin 3 jtcKT poviarn iitiibix bouh (b npocTeiiHieM cnynae 
pacnono5KeHHOH no och cuMMeTpun B/ionb iiBnyicniiH /innojibnoii aHTeHHon). 
11 vicioTca MHoroHHCJieHHBie ny6jTHKaiiHH [18-20], KorapBie Taicace /lORaabiBaioT, 
hto npn onpe/icncnnbix ycnoBiiax b 3anvio/icii ctb na /myx nonepeHHBix bouh pe- 
rncTpnpyioTca npo/ionbiibic KOMnoHeHTBi BCKTopa njicRTpnnccRoro noaa sjtck- 
TpOMaTHHTHBie BOUHBI. 

B TeopeTiinecKOM nnaHe, ocnoBbinaacb Ha pane anpuopHBix /lonymeniin. 
B03M0>KH0CTB CVniCCTBOBailHJI npOHOJIBHBIX 3HeKTpOMaTHHTHBIX BOUH (I13MB) 

o6ocHOBBiBaeTca b paooTc [20] ncxo/ia H3 hhcto tcopcthhccrhx npe/inocbinoR 

BBinOJIHIIMOCTH OOIIIHX (])H3HHeCKHX npHHHHnOB. OTJIHHHe HaHBJIBHBIX IICXO.T- 
hbix npc.nnocbinoK b [20], KorapBie 6bijih npnnaTbi aBTopoM ana naxo'/R/ienna 
I13MB, npiiBcnn k pa3nn l nibivi BbiBO/iavi OTiiocnTcnbiio hx peanBHoro npoaBJie- 
Hiia ii bo3mo>khoh oonacTH npiiMeHeHiia. Ha ocHOBaHiin o6mero (])H3HHecKoro 
aHanH3a [16, 17] h npoBC/icmibix jKcncpnvicnTOB [19] viovkiio yTBepvRTiaTb, hto 
n3MB npcncTaBnaioT co6oh Taxyio ace pcanbnocTb, icaic n H3BecTHBie iioricpci- 
HBie 3JieKTpOMarHHTHBie BOUHBI. 



Phc. 60 


Phc. 61 
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M 3 o6mnx HccneaoBaHHH CKaaapHoro MarHHTHoro noaa H = rot A o6ira- 
pyaceHO [16, 17], hto CKaaapHbie vtaniiiTiiRie noaa He b 3 a 11 vtoaeit ct ny iot c (fiep- 
povianiiiTiibiviii MaTepnajiaMH h He SKpaHiipyioTca hmh. CooTBeTCTBeHHO, 3a- 
Meraaa npoHHKaiomaa cnoco6HocTb HaOaioaaeTca h aim iinayiinpycvibix sthmh 
noaaMH npoaoaBiiBix sacRTpoviari 1 ht n bix boiih, hto 6bijio noaTBcpacacno npn 
npoxoacaeiiini npoaoaBiiBix sn e RT p o vi a r n n t n bi x Boaii 'icpci naoGKne SRpaniT 
KOToptiMH OKpyacaeTca roaynaiomaa aHTeHHa. /Jaa noncpcniBix sac RTpovia r- 
hhthbix both b aHaaoniHHOH ace CHTyau,HH H3ayneHHa aHTeHH IlOailOCTBIO UiyH- 
TiipyioTca. CaeaycT otmcthtb. hto 113 oomcn cncTeMbi a 11 cf)c[) cp e n nn an b n bi x 
ypaBHeHHH aaa sac kt povi a rn n t n bix rioacil b cpeae c|)H3HHecKoro BaKyyvia cac- 
,aycT ovRiiaaTB bo3mo)khocth HeKOToporo oTaiinna CKopocTeil pacnpocTpaHeHiia 
npoaoaBiiBix 11 nonepenHbix s a c r t p o vi a ri 111 t 11 b 1 x both [20], oairaKo koiikpctiibic 
3HaHeHiia sthx CKopocTeil MoryT obitb onpcacneiiBi ToaBKO 3 r c n e p n vi e iit a a b n o, 
Tax Kax ocTaioTca HeH3BecTHbiMH noKa KOHKpeTHbie c])H3HHecKHe xapaKTepucTii- 
kh cpc,TBi c])H3HHecKoro BaKyyvia. 

noMHMO hhcto TeopeTHHecKiix aoKasaTcnBCTB pcaaiaiocTii cyiiiccTBOBaniia 
npoaoaBiiBix sac KTpo via r n iit n bi x both, ananornHUBic bbibosbi ditto nony'iciiBi 
Ha ocHOBe 3 kc nep h vie 1 iTaa b 11 bi x nccncaoBaniiii ciiaoBBix 3(}k])cktob Biaiivioacii- 
CTBiia tokobbix KOHTypoB, vioacaiipyloiHiix KOHTypHbie ii'jny'iaiomnc aHTeHHbi. 
B iKcnepiivieiiTax c pacnono/RcniiBivin b oanoii naocKocni tokobbimh KOHTypa- 
mh ditto oDiiapy>Keiio. hto npn KOMneHcau,HH MarHHTHoro noaa o,aiioro KOHTy- 
pa npoTHBorioao/KiiBivi no HanpaBaeHiiio MarHHTHbiM noaeM apyroro KOHTypa, 
cyMMapHoe MarmiTHoe noae no och ciiMMeTpiin KOHTypoB acilcTBiiTcaBiio oxa- 
3biBaeTca paBHbiM Hyaio (puc. 60), oaiiaRO b 3tom ace npocTpaHCTBe npnoopcTa- 
eT MaKCHMaabHoe 3HaHeHiie cyMMapHoe cKaaapHoe MarHHTHoe noae KOHTypoB. 
Ecan paaovi no ocn ciiMMeTpiin KOHTypoB pa3MecTHTb cmc oany aHaaornHHyio 
ace napy KOHTypoB, ho naocKOCTb KOTopoii noBepHyTa OTHOCHTeabHO ocn chm- 
MeTpnn Ha 90° (pnc. 61), to vicacay KOHTypaMH oDiiapyaaiBacTca oobi'iiibih cii- 
aoBon acJxJieKT MarmiTHoro B3aiivioacHCTBna. xoTa b naocKOCTH pacnoaoaceHiia 
BToporo caBocmioro KOHTypa cyMMapHoe MarHHTHoe noae ot nepBOH napbi 

KOHTypoB ocTaeTca paBHbiM Hyaio. H 3 Haannua ciiaoBBix 3([x[)crtob MarHHTHoro 
B3aHMoaencTBHa vicacay ncpnciiaiiRyaapiio pacnoaoaceHHbiMH caBociniBivm 
TOKOBbIMH KOHTypaMH IICnOCpCaCTBCIlIlO eaeayCT, HTO COOTBeTCTByiOmee B3aH- 
MoaciicTBiic vicacay 3thmh KOHTypaMH B03MoacHO h b tom cay'iac, ecan KOHTypbi 
6yayr laniiTBiBaTBca nepeMeHHbiM tokom. npn Doaianoii nacTOTe nepeMeHHoro 
TOKa OKa3BiBacTca B03MoacHbiM npneM siicpni 11 sncRTpovian 1 hti loii BoaHbi nep- 
nciiaiiKyaiipiio pacnoaoaccinioii (no oTHomeHiiio k ncpcaaiomcii aHTeHHe) npn- 
eMHOH aHTeHHe b tom cay'iac, Koraa BeKTop BuxpeBoro sncRTpii'iccRoro noaa 
nonepeHHOH sac RT p o vi a r n n t n o ii BoaHbi E 0Ka3biBaeTca aBHO ncpncnniiRynup- 
HbiM naocKOCTH npneMHOH aHTeHHbi (pnc. 62). 
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Phc. 62 


npoBe/icimwc 3KcnepnMeHTani>Hi>ie uccne^oBaHiM iTiJiyHcimi-i sneKTpoMar- 
HHTHBIX BOJIH CJIBOCIIIIBIMH paMKBMIl C npOTHBO(J)a3HBIMH CHTHajiaMH H3JiyHeHH5I 
ot Ka’/Kpoil cocTaB.TJUomcii ee paMKH jichctbhtc.bbiio nonHOCTBio no.TTBepoHJin 
peajIBHOCTB H3JiyHeHIM 3 . 3 cKTpOMariIHTIIBIX BOJIH CMBOCIIIIBIMH aHTeHHBMH KaK B 
cnynae hx ropn30HTanBHoro pacnono5KeHiM (H3nyHeHHe noncpcHiiBix h npo- 
,30.3 b n bix ajieKTpoMarHHTHBix bojih), Tax h b cnynae hx n c p n c i i .3 h Ky.3 h p i r o to 
pacnono>KeHiM (H3nyHeHHe tojibko ooiihx npoaonBHBix 3.3 c KTpo m a rn ht 11 bi x 
bohh). O/niaKO, Tax KaK b nepBOM cnynae, npn ropH30HTajiBHOM pacnoiio)KeHHH 
C3IB0GHHBIX KOHTypOB, OT Ka>R',30H paMKH CPBOCIIIIOH nCpC,iaK)IHCH aHTOHHBI H3- 
nynaioTCJi npoTHBO(|)a3HBie curnajiBi noncpciiiOH 3 jt c kT po m ariin t 11oil bojihbi, to 
b HanpaBJieHHH b.tojib och c/ibociiiioh ncpcpaiomcH aHTOHHBi pc3y.BBTnpyioinnii 
CHTHaji noncpciiiOH 3JieKTpoMarHHTHOH bouhbi HMeeT 6onee 6 bictpbih cna/i no 
CpaBHOHHIO C 13 p0,30-3 B11 BI MII 3.3C KTpO MB TIIHTII BI MH BOJIHaMH H Ha HeKOTOpOM 
BnonHe onpc,3C-3cimoM paccTosnmii ot nepe/iaioineii aHTOHHBi a\fn.3i-iTy,3iiBie 
3HaHeHH)i noncpciiioii h npo,30-3Biioii 3.3c kT po m ar11 ht 11oii bouhbi OKaiBiBaioTCfl 
paBHBiMH opyr ,apyry. A TaK KaK rioncpciiiBic h npo,30.3BiiBic 3 ji c k Tp o m a r 11 h t 11 bi c 
bouhbi HaxoflaTCB Bccr,3a b npoTHBO(|)a3C ,apyr Jipyry, to pe3ynBTHpyiomHH cht- 
Hajl npneMHOH BHTeHHBI Ha 3T0M OnpC,3C-3CIIIIOM paCCTOBHHII OKBIBIBaCTCH paB- 

hbim Hynio, hto nooTBcpvK/iacTcyi pcnicTpanHcii curHajia no ocpmuiorpaijjy. 0,3- 
HaKO, nOBOpOTOM npneMHOH BHTeHHBI Ha 90° B 3T0T MOMeHT BpeMeHII, MOVKIIO 

noKa3aTB, hto ocunjuiorpacfioM periicTpiipyeTCJi MaKCHManBHoe a\in.3HTy,3iioc 
3iia l ici ihc curHajia npo.TOJiiioii 3.3CKTpo\iani hthoh bouhbi. Ilpn /lajiBiieiimcM *e 
y,3a.3eiinn npneMHOH anreHHBi ot ncpc,3aiomcii npn ropH30HTanBHOM hx pacno- 
no>KeHHH, a\in.3HTy,3iioc 3HaHeHiie npoooJiBiioii 3.3c kt po m arm-mi o ii bouhbi Ha- 
HHHaeT npeBanupoBaTB na,3 pe3ynBTiipyiomHM a\m.3HTy,3HBiM inaHcimcM npo- 
THB0(j)a3HBIX CHTHajIOB nOnepeHHOH 3JieKTpOMaTHHTHOH BOUHBI II IipiICMIiaH aH- 
TeHHa penicTpupyeT pciyBBTupyioim-m ciirHan y>Ke toubko o,3iioii npo,30.3Biioii 
3JieKTpOMaTHHTHOH BOUHBI. IIOBOpOT npneMHOH BHTeHHBI B 3T0T MOMeHT Ha 90° 
penicTpupyeT yace MaKCHManBHoe 3iiaHcimc a\in.3HTy,3Bi curHajia 6e3 H3MeHe- 
HIM (|)B3BI CHTHajIB. C JT C,30 B BT C.3 B 11 0, B CJiyHae T0pH30HTajIBH0T0 paCriO.TO/KCIlIITI 






588 _ gJIEKTPQqHHAMHKA cDII3HMECKOrO BAKYYMA _ 

ncpcaaiomcii h npiiCMiioii aiiTcimbi. npimiiMacMbiii npneMHoii aHTeHHoii pe- 
3yni>THpyiomnH cmnaa oxa3biBacTca ooycaoBaeiiiibiM cHanaaa npcBaaiipyiomcii 
no BennHHHe noncpc'iiioii 3 a c kt po\iarim t noii bohhoh, a 3aTeM Ha onpcpcacn- 
HOM paCCTO^HHH pC'jyabTIipy IOIHHH CHTHajI OT ncpcaaiomcii aHTeHHBi OKa3BIBa- 
dca paBHtiM Hynio n npncMiiaa aHTOHHa HHKaKoro cnraana He npuHHMaeT. Ilpn 
aaaBHeiimeM yaaaeHHH npneMHOH aHTeHHBi OHa CHOBa na'iniiacT penicTpiipo- 
BaTB pe3ynBTHpyiomHH CHTHaji, ho yace npoTHBononoJKHOH cJ)a3Bi ot npcBaaii- 
pyiomeH no Bcaii'iHiic npoaoabiioii aae kT po m ani ht noii bohhbi. 

TaKHM o6pa30M, b paMKax npeaciaBaeHHa HBay'ieiiHa caBocnnoii aHTeHHoii 
rioriepcniBix n npopoabiibix 3a e KTpo m a ri iht 11 bi x Boan b caynac pacnoaoaceHHa 
hx b canon iihogkocth, Ha nexoTopoM paccToanmi ot ncpcaaioincii caBocnnoii 
aHTeHHBi pciyabTnpyioinnii curHaji, npiiHiiMaeMBiii npneMHOH aHTeHHoii, aoa- 
>KeH CTaTB paBHBiM nyaio n ripn aaabiieiimeM yaaaeHHH ot aHTeHHBi cfiaia npn- 
HHMaeMoro npneMHoii aHTeHHoii curHajia ,aoa>K'na iiiMcniiTbca Ha 180°. B cay¬ 
'iac ace Hcxo/inoro n c p n c i ia n k y a a p n o ro pacrioao>K'cnna ncpcaaioincii h npneM- 
Hoii aHTeHH, npncMiiaa aHTeHHa cnocoona npiiHHMaTB tohbxo ripoaoabiiyio 
aaeKTpoMarHHTHyio Boany, Tax xax bcktop noanpimipm aaexTpiiHecxoro noaa 
noncpc'inoii 3ac kt po\ta r n nr n o ii Boaiibi oxa3BiBaeTca y>xe n ep n c i in nKyaapnbi m 
nnocKocTH npHeMHoii aHTeHHBi (iicpncnaiiKyaapcn BceM cTopoHaM KOHTypoB 
npneMHOH aHTeHHBi). IloaTOMy npn 11 c p n c na ii ay a a p n o m pacnoao>Kcnnn nepe- 
aatomcro h npneMHoro KOHTypoB npneMHBni KOHTyp aoa>xcn penicTpupoBaTB 
ToabKO oany ripoaoabiiyio 3a c k Tpo \i a r n n t n y i o Boany c naaBiibivi H3MeHeHiieM 
ciiniaaa ot MaKCHMajiBHoro iiia'icniia BOaiiai ncpcaaioincii aHTeHHBi h Mcaacn- 
hbim cnaaoM curHajia npn yBcaii'ieniiii paccToaima ot iicpcaaioincii aHTeHHBi. 
Tax xax aacKTpoMani htiibic ii3ay'icnna ot xoHTypoB pcnicTpiipyioTca aocra- 
tohho xoporno Ha ocaiaiinx paccToaimax ot b 3a h\ ioacii ctB y io m h x xoHTypoB, to 
aeTaaBHoe HCCJieaoBaHiie pa3JiHHHBix acjxJiexTOB 3JiexTpoMarHiiTHoro H3JiyHeHiia 
ot CHBoeimoii npoTiiBoiJiajnoii aHTeHHBi no3BoaiiT cacaaTb ooacc TO'iiibic xoaii- 
necTBeHHBie ouciikh. KpoMe 3aMepoB a\inanTyanoro aia'icniia Bcan'iniibi cht- 
Hajia npoaoabiioii 3a e KTp o \i a r n n a n o ii Boaiibi Ha pa3HBix paccToaimax ot nepe 

aaKimcii aHTeHHBi, obian npoBcacnbi npoonbic eeaHCBi CBaai Ha npoaoaiaibix 
saexTpoMarHHTHBix Boanax, xoTopBie aoxaiaan bo3mo>xhoctb nepena'in II3MB 
oobi'inoii paaHOTcxnii'iecKoii nn(])op\iannn. 3xcnepiiMeHTBi no iiccacaoBanmo 
paaiiocBam npoBoaiiaiicb Ha nacTOTe 27 MTu; npn naan'inn pavicinbix npneMO- 
ncpcaaiomiix aHTeHH aaa nonepcnibix 3a c KTpo m a rn ht n bi x Boan n pavicinbix 
caBoeHHBix ii p h c m o- n cp c,t a i o 11 in x aHTeHH aaa npoaoaBHBix 3a e k Tp o vi a r n n t n bi x 
BoaH b oaHOM HanpaBaeHHii hx pacnpocTpaHeHiia. CxeMa 3Kcnepn\ieiiTa npea- 
CTaBaeHa Ha puc. 63. 




TnaBa 11. BonHOBoe ypaBHeHHe /pin BiixpeBoro sneKTpiiHecKoro h /inyx TiinoB 
_ BiixpeBBix MarHHTHBix noneii ycKopeHHQ nBiincymerocn 3apnja _ 589 



Phc. 63 


PaccToamie MOK/iy ncpc/iaioimiMii h npncMiiBiMH aHTeHHaMH 6 bliio paBHO 
100 m. Kany/aa m aHTeHH 6tiJia opnciiTnpoBana Ha MaKCHMyM i-rny'iaiomcro h 
npuHHMaeMoro curaana cooTBeTCTByiomero Tuna bouh. PciynbTaTBi 3Kcnepn- 
MeHTOB noKa3anH, hto aHTeHHa /pin iionc'niBix aacKipoMaruHTiiBix bouh npn- 
HHMaeT tobbko nonepeHHbie anc k Tp o m a r i in t 11 w c bohhbi h He perncTpupyeT npo- 
/lomniBix. MoK.iy TeM Kax, b tom ace HanpaBJieHnn innyHcniia, aHTeHHa /pin 
npo/ionBiiBix 3JieKTpoMarHHTHbix bouh perncTpupyeT toubko npononbHBie aneic- 
TpoMarHHTHBie BonHbi, ho He periicTpupyeT nonepeHHbix an c k t po m a r i w t n b i x 
bouh. lIcnouBBOBaniiBic /pin 3KcnepHMeHTOB c/ibociiiibic n p h c m o - n cp c/ia io i n h c 
aHTeHHBi /pia npoponBHBix an c k Tp o m a r 11 h n n bi x bouh He aBJiaioTca onTHManbHBi- 
MH no CBOHM H'iay'iaiOIIIHM CnOCOOIlOCTaM, O/piaKO TCOpCTHHCCKH bobmovkiibi 
6onee 3 (}x})ckthbiibic KOHCTpyKHim npHCMO-nepc/iaioiiuix aHTeHH /pin npo/ionB- 
HBIX SJieKTpOMaTHHTHBIX BOUH. 


BbIBOHbl 

B 3aKJiK)HeHHe cne/iyeT OTMeraTb, hto, HecMOTpa Ha npaKTHHecKii noniiBiii 
nepecMOTp hcxo/uibix nononceHiiii coBpeMeHHOH an c kt po,i h 11a\f hkh, bbc/iciihc 
npe/iCTaBneniin o HeH3BecTHOM paHee CKannpnoM MarHHTHOM none, H3MeHeHiie 
CHCTeMBi ,th c]x])cpc1 1 1 1 h an b11b ix ypaBHeHnii /pin aneKTpiiHecKHX n MarHHTHBix 
noneii .iBnacymcroca 3apa/ia, H3MeHeHiie npe/iCTaBneiiiiii o nocnc/io b aT en b iio m 
npoucccc po>K,Tciiiia h pacnpocTpaHeHiia incKTpo m ar iih t i io ii bouhbi h T.n., ko- 

HeHHBie pemeHiia ana noneii (p, A, H , II , E, A', II ' , HI, E' 0 , A" h T./p 
iipuBo.iaT k pe3ynBTaTaM, BecBMa 6nH3KHM k H3BecTHBiM h npaKTHHecKii naonio- 
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/jaeMLiM pe3ynbTaTaM. npiiHiiMaa >Ke bo BHiiMamie /loCTaTciiio rnyooKyio 
iii'iccKyio ooocnoBaimocTb bhobb bboihmbix npe/iciaBiieiiiiii h iioiuniiii h Bcex 
OJieKTpuHecKHX h MarHHTHBix HBneHiin, conyTCTByiomux ibhvkciihio iapji,ia b 
peantHOM npocTpaHCTBe (})H3H'iccKoro BaKyyMa, a TaioKe /loCTaTciiiyio Kop- 
peKTHOCTb np hmcii jicmbix \faTc\fa t 11 h e c k 11 x mcto/iob. to yKa3aHHoe Bbime >',10 B- 
neTBopHTenbHoe cxo,icibo kohchiibix pe3ynbTaTOB jihidhuh pa3 cny>KHT xopo- 

HIHM IIOJllBCp'/K.lCIlHCM /lOCTOBCpilOClH BBOIHMBIX HOBBIX nOHSTHH (j)H3HKH H 

hcooxo/himocib KopeHHoro nepecMOTpa Ha ocHOBe hx Bcex H3BecTHbix npe/i- 
CTaBJIOHHH O 3aKOHaX 3JTC K Tp0 ,1 HI 13 M H K H H OnTHKH. 

3AKJHOHEHHE 

IIpeacTaBiieHHbie b /laniioH KHure HanajibHbie leoperaHecKne HccneaoBa- 
mm no 3.3 c k ip o ,i h h a mhkc (])H3H'iccKoro BaKyyMa h no om hhcckhm h sneKTpo- 
XIHHaMHHeCKHM CBOHCTB3M (|)M3HHCCKOrO BaKyyMa KaK MaTepnajIbHOH CpC,lbI, 

6binn BbinonHeHbi aBTopoM erne b nepno/i 1967-1970 it. K 1976 r. 6biJia nonHO- 
CTbK) roTOBa HOBaa 3.3 c kt po m a r n h i n a ji Tcopiui KaK c ibvmji TiinaMH MarHHTHbix 
nonen: BeKTopHbiM H L = rot A n CKanapHbiM // = - div A, TaK n aJicKipoinna- 
mhkh c nonHbiM MamuTHbiM noneM H n n c rpaiHeimibiMH 3.3CKTpn l iccKHMH 
noiMMH a, b. A, B. B leopemnecKOM naanc 6 burn naH/iciibi pcincnmi iipaKTH'ic- 
CKH BCeM H3BeCTHbIM B 3.3 C KT p() ,1H113 M H K C Cepbe3HbIM npOlHBOpC'IH JIM H napa- 
^OKcaM. tlpiiHCM pa3pemeHne MHornx napa/ioKCOB 3 jtcKT po.i hii a mhkh 6biJio Ha- 
CTonbKO o'lCBH.iiiBiM. hto Ha HanajibHOM 3Tane iicooxo/niMOCTb b nocTaHOBKe 
KaKHX-.3HOO npOBCpO'IUBIX 3KCnepHMeHTOB npOCTO He B03HHKajI3. 

0,11 13KO IIIMCIICIIHJI B 3JTCKT pOl H11 3 M H K C OKa3ajIHCb CTOJIb pa,lHKa.3bIlbIMH, B 
paMKax ooiiienp hiijitbix npe/iCTaBJieniiii. hto k 1982 r. B03HHKJia ocTpaji Heo6- 
xouhmoctb b nocTaHOBKe ochobhbix oci io bo n0.3araK)iii h x 3KcnepHMeHTOB no 
,10Ka3aTC.3BCTBy peanbHOCTH cymecTBOBaiiHJi eme o.inoro Tuna CKaiuipnoro Mar- 
HHTHOrO H0.3JI H CIHC 0,1110TO B 11,13 npO,10.3bIIOrO MaTHHTHOrO B3311M0,1C 11CTB11JI. 

HHTepecHO otmcthtb, hto no MHoniM npoBepoHHbiM 3KcnepnMeiiTa\i, no- 
CTaBJieHHbiM c yicTovi hobbix TeopeTHHecKnx npeicTaB.ieiiiiii pa3pa6aTbiBaeMon 
Teopnn, noJiTOKHTeiibHbie pe3ynbTaTbi 6 burn nonyHeHbi npaKTiinecKH c nepBoil 
>KC nOCT3HOBKH, HTO n0,lTBCp>K,ia.30 npaBH.lBIIOCTB OCHOBHbIX 3aJIO)KeHHbIX B 
Teopnio hcxo,iiibix noJio'/Kcnnii npe.i.iaracMoii hoboh Teopnn. Ebin ripoBc.icn 
HC.iBiil pji.i pa3Hbix no CBoeMy co,icp>Kaiinio SKcncpiiMciiTOB [16, 17] no ,iOKaia- 
TenbCTBy pcanBiiocTH cyinccTBOBaiiiiJi jib.iciiiiji hbhjkciihji npoBo.imiKa b.io.ib 
iianpaB.iciiiui TOKa b HeM b CKanapHbix MarHHTHbix riauix //, = - div A A 0. npn 
hbhom OTcyTCTBiin b6hh3h 3Toro ripoBoiiuiKa (npn nonHon KOMiicucaumi) 
oObiHHbix BeKTopHbix MarHHTHbix noneii II = rot A = 0. Bo3MO)KHOCTb npoBo.i- 
HHKa c tokom iBiiraTBCJi B.io.ib iianpaB.iciin ji TOKa, npn ycnoBiiii H L = rot A = 0, 
iiar.uiiiio ,ioKa3biBacT, hto KpoMe H3BecTHoro b HayKe jib.iciiiiji nonepeHHoro 
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MarHHTHoro BiaiiMO/iclicTBHM. o6ycnoBneHHoro cnoaMH JIopeHpa, b npnpooe 
cymecTByeT HeH3BecTHoe paHee b irayKC hbociihc npooooBHoro Mannrmoro 
B3aHM00eHCTBH3, KaK 3TO n p C ,1C K ai BI B a JT CIUC B CBOe BpCM3 AMnep. B HeKOTO- 
pBix nyooHKaiiHMX [20] STa CHJia Ha3BaHa ghooh HiiKooaeBa h coeoaHBi bbibo.ibi, 
hto tojibko coBMecTHoe paccMOTpeHiie cho JlopeHpa h cho HiiKooaeBa pacT, 
HaKOHep, B03M05KH0CTB HlOaBHTBCM B 3JTC KTp0,1 HII 3 MHK C OT pa3HOrO pO/ia npO- 
THBOpC'IHH H I [apa/lOKCOB. 


KpoMe Toro, npoMBiMH SKcnepiiMeHTaMH 6bioo TaioKe /lOKaiaiio, hto KpoMe 
nonepeHHBix socKTpoManiHTiiBix booh, b npupooe peanBHo cymecTByioT one 
Hepa3pBiBHO CBBiamiBic c hhmh h npooooBHBie soc kt po \i a n in t 11 bi c boohbi. KaK 
h TOKHpanocB, npoBepoHHBie 3KcnepnMeHTBi c nepBoil ace nocTaHOBKH pann no- 
jio>KHTeiiBHBie pe3yjiBTaTBi, KOTopBie poKaaBiBaioT coooii peanBHocTB cymecTBo- 
Bami3 mbociiiim npooooBHBix socKTpoManiHTiiBix booh. TenepB MO/KUO yace ,ioc- 
TOBepHO yTBcpvKpaTB. hto (J»H3HHecKHH BaxyyM OKpy>Kaiomero Hac peaoBHoro 
0K0H03eMH0T0 npocTpaHCTBa npo3BOHCT cbohctb3 pcaoBiioil c[)H3HHecKOH epe- 
Obi, KaK h Bee opynic pcaoBiiBic MaTcpiiajibiiBic cpc/ibi, b kotopbix /laBiio yace 
pcrucTpupyiOTCM KaK nonepeHHBie, TaK h npooooBHBie bouhbi. y ,i m b ht c jt b i i b i m 
3BHOOCB TO, HTO np 0 , 100 BIIBIC SOeKTpOMarHHTHBie BOUHBI peril CTpiipyiOTCH B 
paccMaTpiiBaeMOM npocTpaHCTBe b tom eoynae, Korpa HMeeT MecTO rioonao 
KOMIlCIICailHM B 3T0M >Ke npOCTpaHCTBC 06 BIHHBIX nOnepeHHBIX 3JieKTpOMarHHT- 
HBIX BOOH (HanpiIMep, npn COO>KCIIIIII npOTHBO(])a3HBIX CHTHaOOB). H HMCHHO B 
3thx ycooBHM.x ii bcoc/ictbhc nooHoii KOMiiciicaniiH nonepeHHBix SOeKTpOMar- 
HHTHBIX booh, aMnomyoHoe 3HaHeHiie ciiTHaoa npOOOOBIlBIX 3OeKTp0MaTHHT- 
hbix booh npiiHHMaeT MaKCHMaoBHoe 3iiaHcniie. 

PaHBiue ouih 6 ohho nooaraoocB, hto npn HiiTcpcjicpeiimiH, hoh npn Haoo- 

/KCHHH, npOTHBO(]ia3HBIX CHTHaOOB nonepeHHBix SOeKTpOMarHHTHBIX BOOH CyM- 
Mapiiao oicpniM boohbi b paccMaTpiiBaeMOM npocTpaHCTBe OKaiBiBaeTCB npocTO 
paBHOH Hyoio. B ,icii ctbhtcobiiocth ace, sncpnio niiTcp(])cpnpyioinnx nonepeH¬ 
HBix SOeKTpOMarHHTHBIX BOOH BOBCe He HCHe3aeT nOOHOCTBIO, a npOCTO TpaHC- 
(])OpMIIpVCTCM B 3HepTHK) npOOOOBIlBIX SOeKTpOMarHHTHBIX BOOH, JUT3 perilCTpa- 
HIIH KOTOpBIX TpCOyiOTCM y>Ke npiieMHBie aHTeHHBI HeCKOOBKO IIHOH KOHCTpyK- 
HHII. AHTeHHBI 06 BIHHOH KOHCTpyKHHH 003 nonepeHHBix SOeKTpOMarHHTHBIX 

booh b 3tom coynae, ecTecTBeHHo, Hiinero He ([oiKciipoBaon, Ha ocHOBaHim Hero 
II 6 bIOH CMCOailBI o6meH3BeCTHBie B IiaCTOMIIICC Bp CM3 BBIBO/IBI O nOOHOH KOM- 
neilCaHHH 31icprnn npOTHBO(]ia3HBIX 30 C KTpO M a n IH T11 BI X BOOH. KpoMe Toro, 
npOMBIMH 3KCnCpHMCIITa\IH 6BIOO OOIiapyOCCIlO, HTO CB0HCTB3 npOOOOBIlBIX 
soeKTpoMarHHTHBix booh (no ripoxo/K.iciimo nepe3 MeTaooHHecKHe sKpaHBi) 
cymecTBeHHO OTOHHaiOTC3 ot aHaooniHHBix cbohctb nonepeHHBix soeKTpoMar- 
HHTHBIX BOOH. 
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npoBcnc mime HccnenoBaHHa noKa3anH, hto npupona noncpcniiBix h npo- 

nOJIBHBIX 3JieKTpOMarHHTHbIX BOJIH HaCTOJIBKO TeCHO B3aHMOCB33aHBI /ipyr c 
apyroM, hto ohh nance h b 3 a hM oo6yc.no bjihb a iot cymecTBOBaHne npyr npyra. B 
3TOI1 CBfl'IH BBI3BIBaeT ynHBJICHHC TOT (JjaKT, HTO /UtHTeJIBHOe BpCMfl npil CTOJIB 
pa3BHTBIX B naCTOfllUCC BpCMfl TeXHHHeCKHX CHCTOMaX pa,THOCBJI3H npOflOUBHBie 
3JieKTpoMarHHTHbie bojihbi 3 k c n e p h m e irra ji b ii o iihkcni He Obijih BBineneHBi b ca- 
MOCTOaTeJIBHBIH BII.T BOJIH, XOTH. HeCOMHeHHO, B MHOTOHHCJieHHBIX 3KCnepHMeH- 
Tax ohh KocBeHHo peTHCTpupoBajiHCb, ho Kax HeKne napa3HTHbie 3(J)cJ)eKTbi, He 

yKJia^biBaiomHeca b pa mK ax oomenpmiaTBix b 3Ji c KTpo n h i i a mhkc iipc/iCTaBnc- 
hhh (HanpHMep, napa,TOKC GmiacHeH 30 hbi h t.,t.). Ha stom npiiMepe ohciib Ha- 
raanHO bh.tiio. HacKOJTBKO BaacHBi b Hayxe, npoK.ic Bcero, npaBHUBHbie ochobo- 
nonaraiomHe ncxonHBie KOHuenmni, 6naronapa koto p bint KaK pa3, h ycTaHaB- 
nHBaeTca iicooxo.thmoctb cymccTBOBanna hobbix bh.tob noneii h, caMoe raaB- 
HOe, KaK H KaKHMH MCTO/iaMH HX peTHCTpHpOBaTB. HoKa He 6 bIJIH BBipa 60 TaHBI 
o6mne ko nuenmm o peanBHocTH cymecTBOBaiiiia npononBiiBix 3jicKTpo m a n i ii t - 
HBIX BOJIH, He B03HHKajI0 H IICOOXOHHMOCTH B pa3pa60TKe H COOT B CTCT By 10111H X 
npneMHBix aHTeHH ana sthx bouh. C yiCTOM peajiBHOCTH cymecTBOBaiiiia npo- 
HO-itbiibix 3jieKTpoMarHHTHBix bouh nerKo paipcmaeTca i lapanoKc GunacHeH 30 - 
hbi, nna KOTopofi tohhoh TeopnH no nacToainero BpeMeHH He cymecTByeT no 
npHHHHe nniopnpoBanna bjihhhhh Ha npHeM jho6oh aHTeHHOH CHCTeMBi eme h 
npono-iiBiiBix 3JieKTpoMarHHTHBix bouh. C yneTOM CKanapHBix mbthuthbix nonen 
h ripono-iTBiiBix 3jieKTpoMarHHTHBix bouh pa3pemaioTC5i h MHorne npyrnc. He 
peuieHHBie no HacToamero BpeMeHH npo6neMBi panno(})H3iiKn h s.ricKTponHiia- 
MHKH. 

H, TeM He MeHee, HecMOTpa Ha ohcbh/uibic nocToniicTBa nonHOH sneKTpo- 
MarHHTHOH Teopnn, ycTpaHaiomeH MHorne npoTHBopenna h napa/iOKCBi coBpe- 
MeHHOH 3JieKTponHHaMHKH, Ony6lIHKOBaTB MaTepiiajIBI Bcex 3THX HCCJienOBaHHH 
b OTKpBiTOH nenaTH b CBoe BpeMa OKa3anocB npaKTHHecKH HeB03M0acH0 no npn- 
HHHe ynopHoro He>KeiiaHHa penaKiiiiii acypHanoB npuHaTB sth MaTepnanBi naa 
OTKpBiTOH nyonHKaimii. Tojibko 6naroaapa bbchciiiioh b CBoe BpeMa hoboh chc- 
TeMe npc/iBapHTCHBiioH ny6nnKannn ithiiibix CTaTcii b Biine nenoimpoBaiina ne- 
pe3 BHHHTH h ncpc3 HeKOTopBie HayHHBie acypHanBi, ynanocB, xoTa 6 bi, ycTa- 
hobhtb npnopiiTeTHBie nyon hK an hh no naniioii TeMe c iianc>K,Toii Ha noimyio 
nyonHKa hhio hx b nanBiieiimcM. Bee paHee onyoniiKOBaniiBic MaTepnanBi BHe- 
ceHBi b /laimyio KHHry noxa npaKTHHecKH 6e3 H3MeHeHini, TaK KaK ocHOBHoe 
co/iepncaiiiie hx, naace c no3HHHH coBpeMeHHBix 3H3 hhh, nocTaTOHHO rionno ot- 
paacaioT co6oh ocHOBHyio cyimiocTB bhochmbix b one KTpon 1111 a \i h kv H3MeHe- 
hhh. OnHaKO, ecnH sth MaTepnajiBi nepecMaTpHBaTB c no3HHHH yace coBpeMeH- 
HBIX 3HaHHH, TO MHOTHe MOMeHTBI MOHCIIO 6BIH0 6 bI OCBeTHTB ya<C 3HaHHTeHBH0 

6onee rciy6ace h b 6onee nonsrmoii ij)op\ic, hto, koiiciiio ace, co BpeMeHeM 6y- 
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,1ct c^enaHO, ho tojibko nocne OTKpbiToil ny6nHKaH.HH Bcex y>Ke paHee Hami- 
caHHBix pa6oT nepBoro pracna no TeMe «OmnqecKaa h th c k Tpo/i h ii a m nnec k a a 
acHMMeipiui peaHBHoro oKono3eMHoro npocTpaHCTBa», no KOTopoil b cBoe Bpe- 
mh 6Bina np hiimth k paccMOTpeHHio ncpnaji aajiBKa Ha oncpBiTiie "OnTHHEC- 
KAH H 3 J1 E KT P OH11 HAM 11 H EC K A >1 ACHMMETPHH OKOJ103EMHOrO 
EIPOCTPAEICTBA" - 3aaBKa Ha oncpBiTne N 32-OT-8857 ot 25.7.75 r. 

no BTOpOMy HHKJiy pa60T «HeH3BeCTHBIH B HayKe BBJIOHHB B.ITCKTpOManiC- 
TH3Ha. CKanapHoe MarHHTHoe none», no KOTopoMy npiiHATa k paccMOTpeHHio 
BTopaa saaBKa Ha OTKpBiTHe "OnTHHECKAH H 3JTEKTPOHHHAMHHEC- 
KAH ACHMMETPHH 0K0J103EMH0r0 nPOCTPAHCTBA" - 3aaBKa Ha 
OTKpBiTHe N 32-OT-8857 ot 25.7.75 r., BnepBBie b co6paHHo bh/ic npencTaBiic- 
hbi b nacToainen Monorpaijiini aBTopa <<3nEKTPOflHHAMHKA OH311 L IEC- 
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TjiaBa 12. YpaBHeHHii ajieKTponimaMHKH hjih nojmoro 
MarHHTHoro nojia aBHJKymeroca 3JieKTpHHecKoro 3apajja. 

(1985 r.) 

1. IIojiHoe MarHHTHoe noae aBHacymerocH 3JieKTpH*iecKoro 3apaaa 

Bbime yace OTMenajiocb, hto Ha HanajnmoM 3Tane coBcpmcncTBOBamia 
ypaBHGHHH MaKCBemta ii ycTpancniist b hiix ochobhbix npoTiiBopcntii ii napa- 
aoKCOB [1-5], aBTopoM 6 bih upturn 3a ocHOBy MaTCMaTii'iccKitii (fiopMajitmt. 
npcq.riO/KcimBiii caMHM MaKCBemtoM. Eme b CBoe Bpextti. Ha caMOM HaHammoM 
3Tane coi/iantui Teopim 3JieKTpoMarHeTH3Ma, KaK yace OTMeuanocB, MaKCBemt 
caM jiiihho ycTaHOBHJi [6], hto notiyHcnnati hm nepBOHaHammaa lanucb chctcmbi 
,t H(]) (]) epe n i [ it aq b n bi x ypaBHemni aBJiaeTca He non ho it h hto OHa He npiiMeHHMa 
k He 3aMKHyTOMy TOKy, k OTpe3KaM TOKa (h oco6eHHO k o/mncniBiM 3apa/ia\t). 
rio'icMy nonyHeHHaa MaKCBemtoM cucTeMa ypaBHeHiin 3Jt c k Tpo mi na mhkh oKa- 
3ajiaci> He nonHon h hto hco6xo;ihmo 6biho eme c/icJtaTB, hto6bi ycTpaHHTb sth 
H eaocTaTKH, caM MaKCBenn Ha sth Bonpocni OTBeTa He ycnen ocTaBHTb. Tpy/mo 
.TonycTHTB, hto bo BpeMeHa MaKCBenna kto to eme 6onee oco3HaBan orpami- 
HeHHOCTB npeanoaceHHoii hm aaeicrpo \tarn ht no ii Teopim h eme 6onee Tpy/mo 
6 bijio HaMeTHTB nyra Bbixoqa H3 B03ffliKHieH TymiKOBOH CHTyaiiHH. H tojibko 
ccimac, b nacToamec BpcMa, ncpei 6onee 'text 180 jieT onpeaeneHHo MoacHo ot 
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MeTHTB, hto BomuKitiaa Ha HanajitHOM 3Tane xyriHKonaa ciiTyamia b sneKTpo- 
ZIHHaMHKe ooycnoBnctta 6tuia mhothmh ([taKTopavin h MHornMH oihh6ohhbimh 
H cxo/HIBIMH n p c n n oc bin k a mh. K HHCJiy 3thx (JiaKTopoB oTHOCHTca h npenno- 
/KCimbtii MaKCBennoM m aTc m a t h h cc k h ii (])opvfanH3\i vant-tcn ypaBiicmiii sneK- 
TpOflHHaMHKH HCpC3 BnCKTpH'ICCKHC H MarHHTHBie nona. OCHOBBIBaaCB Ha OfflH- 
DO'IIIBIX HCX03IIBIX npC.inOCBLXKaX O peajIBHOCTH CyillCCTBOBailHH MarHHTHoro 
nona h MarHHTHBix chuobbix niiHiiil KaK eaMOCToaTenBHBix odbckthbiibix hb.tc- 
HHH, BBOHHTCH ,ip\THC OIIIHDO'niBIC HCXO.IIIBIC npC.inOCBLXKH. HTO npH /JBH'/KCHHH 

3JieKTpnHecKoro aapana ero KynoHOBCKoe sneRTpiinecKoe none He HiMciiaeTca 
(omn6oHHaa rnnoTe3a MaKCBenna). Tax KaK npupona sneKTpiiHecKiix h Mar¬ 
HHTHBix noneil h noTeHunanoB ocTaBanacB eme HenoGTaTOHHO action, to chmbo- 
jibi noneil h noTcnnHanoB non roc Bp c via iicnonB30BanHCB b one KTpon h 11 a vt n k c 
K ax cnuncTBCimBie h cavt ocnoaT en b11bi c xapaKTepucTHKH noneil. npHtinviaa bo 
BHHM aHne, hto koiich XIX h BecB XX Bex 6Bin ncpnonoM naca>t<ncnHa h roc- 
no.TCTBa b 3n c KTpo/i n 11 a vt n kc ( ] ) o p vt an b n o - vt aT c vt a t n h e c k n x h a6cTpaKTHBix Me- 
TonoB, to 3a 3 tot nnuTcnbiibiii nepnon b 3n c k Tpo nona vt ii k c 6 blho npuBHeceHo 
CTonBKO «CTpoHTenBHoro» (Jiop vt an b t to- vt aTC vt aT h h cc ko ro «Mycopa» ot apBix 
ctopohhhkob (]) o p vtan b no- vt aT c vt a t n h e c k n x n a6cTpaKTHBix vtcTO,TOB. pa3ipe- 
6 aTB KOTOpBIH ItpH,TCTCa CHIC HaBepHO He 0/1 HI I nCCaTOK neT [3,4]. lion sthm 
«M ycopoM (])opvtanH3vta» 6 bin a nonHOCTBio 3axopoHeHa n npo6neMa orpann'ien- 
hocth cncTeMBi ypaBHemiil MaKCBenna. H Korna TonBKO ynanocb 'iacTH'ino ohh- 
CTHTBcn ot «Mycopa (])opvtanH3vta», to cpa3y ace 6Bino ooiiapyA'ciio, hto cucTe- 
Ma ypaBHeHHH MaKCBenna, b paMKax npennonceHHoro hm c|iopManH3Ma, neilcT- 
BHTenBHO He yntiTbiBana cymecTBOBaHHe b npocTpaHCTBe oxono nBHVKyineroca 
3neKTpHHecKoro aapana eme o/iiioro Buna cKanapnoro MarHHTHoro nona. H KaK 
TonBKo b norionncnnyio cncTeMy ypaBHeHnil on c KTp o n n n a vt h k h obinti BHeceHBi 
iico6xo,thmmc H3MCIICIIH/I. to vrnornc npo6neMBi n napanoKCbt b oneKTponnna- 
MHKe ycTpaHnnucB caMH co6oil. B onpencnennon cTeneHH CTana pacKpbinaTbca 
n (])H3H'iccKaa cymHOCTB OTpa’/Kacvtan npennoKcimbivt MaKCBennoM (])opvtanbiio- 
MaTeMaTHHecKoro vtcTona 3anncH ypaBHeHnil ncpci sneKTpiiHecKHe n MarHHT¬ 
HBie nona, Korna sth nona ynanocB cBa3aTB c /uni a vt m h c c k h vt h npoHcecavtn b 
cpcnc ([miH'iccKoro BaKyyvta. OnnaKo Ha HananBHOM nanc c nHiiavtH'iccKHviH 
npoHCceaviH b BaKyyMHoil cpcnc ynanocB CBa3aTB TonBKo oncKTpH'iccKHC nona 
(3(]xt)eKTBi nonapH3an,HH n SHeprua nonap trial urn BaKyyMHoil cpcnbt), Mencny 
TeM KaK H3BecTHBie BeKTopHBie MarHHTHBie nona h, TeM 6onee, ooitapyvKcimiac 
HOBBie CKanapHBie MarHHTHBie nona CBa3aTB c nHHaMnnecKHMii nponeccavin b 
B aKyyMHoil cpcnc He ynaBanocB. Ilpn nonBiTKax ocMBicneHiia tj)H3HHecKoil cym- 
hocth BeKTopHoro Hi h CKanapHoro H MarHHTHBix noneil oonapy’/Kiinocb pan 
HenpenBnneHHBix npyrux TpynHocTeil. HanpiiMep, b sn c KTpon h i i a vt n kc o6me 
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npHH^Ta H3BecTHaa HHTerpajitHaa 3aBHCHM0CTB .zjjiji 3HeprHH MarHHTHoro nojia b 
BH^ e 

WH= h\^ ldv ' (12,1) 

V 

npuMeHHTenBHO ana on unci no ro aBiiacymeroca nneKTpHHCCKoro iapana e , 
npn onpcacncnim cyMMapHOH 3HepniH anyx tiiiiob MariiHTiibix noneil, KaK ot- 
MCHanbCb yace Bbime, aocTaTO'ino obino Bocnonb30BaTbca BbipaaceHiieM (12.1), 
KOTopoe ana 3Toro cnynaa 3anHCbiBaeTca KaK [1,2] 

W h =—\(h 2 l + Hu W = — f H 2 n dv = . (12.2) 

H 8a-J v x 11 r 8a-J n 2r n C 2 

OaHaKO, npn nontiTKax ncnoubBOBaTb 3Ty ace aaBHCHMOCTb (12.2) ana cnynaa 
MarHHTHBix noneil ot afiyx h 6onee aBiiacymiixca 3apaaoB b Biiae 

W H = — [ (h? + Hi ]dv = — f H:dv + — [ H,Hic/v + — [ HUv (12.3) 
8a-J v ~ r 8a-J 8a-J 8a- J ~ 

V V V V 

cpa3y ace o6HapyaciiBaioTca ncpaipcmuMbic TpyaHOCTH, TaK KaK HeB03MoacH no- 
HaTb, c c])H3H'icckoh to'ikh 3peHna, KaK MoryT B3aHMoaciiCTBOBaTb Meacay co6oh 
B eKTopHBie h cKanapnbic ManiHTiibic nona. C on noil cTopoiibi, c ([ihshhcckoh 
tohkii 3peHna, aBnaeTca BnonHe OHCBiiaiibiM, hto Meacay BeKTopHbiMH h CKanap¬ 
HbiMH MarHHTHtiMH nonaMH aonacHa DbiTb TecHaa (])H3H'iccKaa cBa3b, TaK KaK 
MarmiTHbie iiiiepimoimbic CBoiicTBa 3apaaa b paBiioil cTeneHH onpeaenaioTca 
KaK BeKTopHbiMH MarHHTHbiMH nonaMH Hi. , TaK h CKanapHbiMH H . Meacay 
TeM KaK b 3aBncnMocTn ana 3Heprnn B3aHMoaeHCTBna Meacay BeKTopHbiMH h 
CK anapHbiMH MarHHTHbiMH nonaMH Buna 

W e3 =^\^!_H^dv (12.4) 

V 

nony'iacM He npncMncMyio, hh c (|)H3hhcckoh, hh c MaTCMaTH'iccKoii tohck 3pe- 
Hua, (jiyHKHOHanbHyio 3aBHCHMCOTb. IIpHHHMaa bo BHHMaHne k TOMy ace, KaK 
OTMC'ianoeb Bbime, hto hh c BeKTopHbiMH, hh co CKanapHbiMH MarHHTHbiMH no¬ 
naMH He yaaeTca CBa3aTb amiaMHHCCKHC aiieprcTHHCCKHe ripoucccbi b BaKyyM- 
hoh cpeae, aBTop 6bin BbrayacaeH npnaTH b BbiBoay o tom, hto npcanoaccimbiil 
b CBoe BpeMa MaKCBennoM MaTeMaTHHecKHH (])op\ianH3\i 3anncH ypaBHemiil 
aneKTponiiHaMHKH 'icpci aneRTpunecKHe h ManiHTiibic nona aBnaeTca no cbo- 
eMy cymecTBy orpaHHneHHbiM h He npucvincMbiM. Heo6xoaHMo 6bino oTbicKaTb 
apyroii MaTeMaTHHecKHH (fiopManimt oraicaHna noneil aBnacymeroca 3apaaa, 
KOTopbiii Mor 6bi b 6onbnieii CTeneHH oTpaacaTb KaK TecHoe eauHCTBo Meacay 
BeKTpHbIMH H CKanapHbiMH MarHHTHbiMH nonaMH , TaK II (j)H3HKy B3aHMOaeilCT- 
Biia hx co cpeaon (j)H3HHecKoro BaKyyMa. l Ito KacaeTca TecHoil (JjH3HHecKOH 
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B'iaHMOCBJHH MC>K,3y BCKTOpilBIM H CKanapHBIM MaTHHTHBIMH nOnaMH, TO 3Ta 

B3aHMOCB33b ynce npocMaTpuBacTCJi b BBipa>Kcniiii (12.2), Korna onpenenaeTca 
nonHaa 3Heprna MaraiiTHoro nona ,iBH>Kynicroca japa/ia h aim nonHoro Mar- 
hhthoto nona fl u OKaiBiBacTca cnpaBcnnHBoil aannc'B 

H n =jHl+H>. (12.5) 

IIpHHHMaa BO BHHMaHHe H3BCCTIIBIC BBipa’A'CIlHH Rim MaTHHTHBIX nonen 

1 eV 2 

H , =- r-sin<^ (12.6) 

C R 2 

1 eV 2 

H , =-r cos (p (12.7) 

C R 2 

nna nonHoro MaraiiTHoro nona H n mo>kho y>Ke 3amicaTB 

H n =^ n \ = ^Hl+Hl ( 12 . 8 ) 

HJIH B BeKTOpHOM Bbipa^CeHHH 

H 77 =^R = |H 1 |r 0 +|// || | Xo . (12.9) 

H 3 (12.9) npoacHaeica, b KaKoii-TO CTeneHH, h ([iHiH'iccKaa cymnocTB BeKTopa 
nonHoro MaraiiTHoro nona H n . llpoK.TC Bcero, BeKTop nonHoro MamuTHoro 
nona H n y*e He HMeeT HHKaKoro oTHomeHna k o6menpnHaTOMy rionaTino Beic- 
TopHoro MamuTHoro nona H± HBHVKymeroca aapana, o/inaKO o6napy>KHBacTca 
TecHaa B3aiiMOCBa3B 3Toro nona c caMHM sneKipunecKHM noneM E HBiincyme- 
roea iapa.ia e . Eonee toto, BeKTop nonHoro MamnTHoro nona H n /iBiivKymc- 
roca sneKTpnnecKoro aapa/ia e - sto to caMoe sneKTpnnecKoe none E HBH>Ky- 
meroca aapa/ia e , TonbKO yMeHBmeHHoe Ha nnna m nnecKHii K03(J)c})nnHeHT V/C 

H n = -~E (12.10) 

n no HanpaBneHino n po t n bo n on one n o c BeKTopy oneKTpnnecKOMy nonio E . 
OTKy/ia /in a snepnm nonHoro MarHHTHoro nona H n /iBnncyineroca co cko- 
pocTBK) V japa/ia e movkiio 3anncaTB 

1 r , V f 2 V 

-W n =— Hj 7 dv = E dv = --W F (12.11) 

8/rJ 8/rCJ C 0 

V V 

T.e. 3Heprna nonHoro MamuTHoro nona Wn nBiincymeroca lapa/ia e Bccr/ia co- 
CTaBnaeT co6on TonBKO nacTB nepBOHananBHon nonHon 3iicprnn We 0 sneKTpn- 
necKoro nona E, KOTopyio HMen sneKTpiinecKHH lapa/i e no nanana ero /ibh- 


aceHna. 
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C npeflCTaBneHiieM nonHoro MarHHTHoro run a b mine BeKTopHOH bgjihhh- 
hbi (12.10), KpoMe npoHcnenna (Jihbhhcckoh cymnocTn HeH3BecTHoro paHee b 
H ayKe nonHoro MarHHTHoro non a aBHacymeroca 3apaaa e , cpa3y ace pa3pe- 
maioTCH Bee TpyanocTH c onpencncnneM 3Hepnni MarHHTHoro BiaHMO.pcncTBnn 
CHCTCMBI H3 PBV'X H OOJTCC HBHVKyinHXCH 3nCKTpHHCCKHX japHHOBB BHHC 

00 CO 00 00 

W o=^\^n,+^n}lv=^\Hldv + ^\Yi n ll n dv+^\H n dv . (12.12) 

dv dv Av dv 

IlepBbffl h ipeTHH nncnbi cnpaBa aaiOT tohiioc nia'iennc ana 3HepniH cooctbcii- 
hbix MarHHTHBix none it H n i h H H 2 .iBnacyninxcH 3apaaOB, Meacay TeM KaK 
cpeaHHH Hnen cnpaBa, c v'ictom orpan linen nil Av Ha hhhchhh npeaea HHTerpii- 
poBaHna, aacT Tenepb yace acncTBHTcnbnoc anaHcimc ana 3Heprnn Wb 3 Mar- 
HHTHoro B3anMoaencTBna aenacymuxca 3apaaoB Meacay co6oil 

00 

W B3 = — f H ;/ H n dv = . (12.13) 

* 8a- J n ' RC 2 

Av 

rae R paccToaHiie Meacay 3apaaaMH e\ h to . 


2. CncTeMa ypaBiicimii a-nn BeKTopHoro nojmoro 
MarHHTHoro no.<ia iBH'/Kviueroca sapaaa 


OcHOBHaa ncnnocTB hoboto (])op\ianfnioro npeacTaBaeHna o BeKTope noa- 
Horo MarHHTHoro noaa H n (12.10) 3aKHK>HaeTca He TonBKO b tom, hto mann- 
TeabHO yrayOaaioTca Harnu npeacTaBaeHna o 3aKOHax 3aeKTpoMarHeTH3Ma, ho 
T aicace eme b tom, h 3to BecBMa npiiMenaTeaBHO, hto b pavtKax hoboto (])op\ia- 
aH3Ma noaHoro MarHHTHoro noaa H n 3HaHHTeatHO ynpomaeTca Banner CHCTe- 
mbi an<])<])epen n naa bn bi x ypaBHeHinl aaa onucaHiia aaeKTpHHecKHX h MarHHT¬ 
HBix noacii aBHacymeroca 3apaaa. CucTeMa an t]x]) e p e n n n an b n b i x ypaBHeHnil 
aaeKTpoanHaMHKH npeacTaBaaeTca TenepB b BecBMa ynpomeHHOM h noaHOCTBio 
CHMMeTpHHHOM BHae 


rot E 0 (r,t) = 0 

div V o {r,t)=4np o {rj) (12.14) 

E o ( r ’ 0 =- g rad ^ o ( r ’0 


rot H^r,?) = 0 

div H n (r, t) = 4np a (r, t) (12.15) 

H /7( r ^)=“g rad ^o( r ^) 
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rue p 0 {r,l)= l —p 0 {r,t) h (p 0 (r,t)= l —(p 0 (r,t), 

p a { r) = — - iijiothoctb nonapn3aitHOHHbix 3apanoB BaKyyMiioH cpe/iBi b 
dv 

o6i.eMe 5v. 

VI htc m a t h r i cc k a a cymnocTB 3amicH chctcmbi ypaBHeHHH 3n c KTp o a h n a m h k h 
(12.14) h (12.15) h ee pcmenna, aiianon-i'ino KaK h MaTCMaTH'iccKaa cvihiioctb 
3amiCH CHCTCMBI ypaBHeHHH 3JieKTpOCTaTHKH (12.16) h ee pemCHHJI, 

rot E 0 (r) = 0 

d iv E 0 (r) = A >np 0 (r) (12.16) 

E 0 (r) =-grader) 

Tenept y>Ke hoiihoctbio OTpancaioT (})H3H>iccKyio cvhuioctb omrcBiBacMBix aBne- 
nnil b cpcpc (J)H3HHecKoro BaKyyMa h (})H3h>icckhh npnHunn ohhbko.tchctbhh. 
PemeHiia chctcmbi ypaBHeHHH tjtcKT poa hii a mhkh (12.14), (12.15) cymecTBeHHO 
ynpomaioTca, TaK KaK /ii-inaMHuecKHC npoucccBi c a b h>k y ihhmh ca aapanaMH ot- 
JIHHaiOTCa OT CTaTH'ICCKHX TOUBKO nOCTOaHHBIM ,T H11 a M H 'I C C K H M K03(|)(])HHHeH- 
tom V/C , yiHTBiBaiomcro m-maMi-i'iccKHc 3 (|m])cktbi b cpc.Te (J)H3H'iceKoro Ba¬ 
KyyMa. 

Chctcmb ypaBHeHHH (12.15) ana nonHoro MarHHTHoro nona H n , aHa- 
jiothhho KaK h CHCTeMa ypaBHeHHH (12.14) ana aneRTpunecKoro nona E 0 , nerKO 
CBonHTca k ypaBHeHHio IlyaccoHa 

A^’(r,t)=4^,(r,t) (12.16) 

pemeHHe KOToporo HMeeT bh^ 

’ / \ f p 0 (r,t)dv P a (y,t)dv V p 0 (r ,t 

<Po\ r ’ t ) = I-i =-i =-r 

dv r — r r — r C r — r 

HnH B OKOH'iaTCnBIIOM BH.TC 

1 1 e n V 4 n R 

H ff =-grad <p a = - \K = -a 0 V- (12.18) 

C R J C R 

rnc o 0 - nnoTHOCTb nonapHianHoiiiiBix 3apa/ioB BaKyyMiioil cpc.TBi Ha noBex- 
hocth cijicpBi pannyca R , Ha KOTopoii OTBicKHBiBacTca BiiauciiHC iianpaaccuiio- 
cth nonHoro MarHHTHoro nona H n . 


r = — » (12.17) 

RC 
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3. BojiHOBoe ypaBHeHne /jjih BiixpcBoro nojiHoro 
MarHHTHoro nojia ycKopeHHO /jBH>KymerocH japa.ia 


OcHOBtiBaact Ha npexiCTaBJieHHJix o BeKTope nonHoro Maniirmoro nona 
H n (12.10) ,iBH>KymcrocH lapa/ia. npopecc 'iapovK/ieimvi h pacnpocTpaiieniivi 
3JieKTpoMarHHTHOH bojihbi movkiio iipe/iCTaBHTB cJTC/iyiomcil ynpomeHHOH (])\tik- 
HHOHajIBHOH CXeMOIl 


P 0 M=>[ E 0 Ml 


1 gE 

4 71 C dt 


= Po 


0 = rotH^ 

i 

4 np = di\H 7 


■(-4nPo=A<p 0 )-- 


( r >0=> 

I 

-grad^ o =H /7 

=> IX( r ’01 => 

f 1 

-'^-E 

Po 

y 4 7iC dt y 


c dt } 

0 



0 = rotH 


n 


4jip a = divH 


E 0 {r,t) 


J2 


V 


(-4 Wo = A^ 0 )=> ^ 0 ( r ’l) ; 


^7 J 1 


4 nC dt 


= Po 


0 = rotH 


n 


4 xp 0 = divH 


- grad Vo = H r 


1 d <P 0 
C dt 


= E„ 


Jl 


(- 4 npo = A<p a ) = 


n J2 


•P t 


C(r,0 = 


-grad^ c = H, 


1 d <P 0 
C dt 


= E. 


KM 


13 


> H T.fl. 


j2 


(12.19) 


HtOOBI 3aHHKJTHTB /lailllBIH OCCKOIICHIIBIH (JjyHKHHOHajIBHBIH HHKJIHHeCKHH npO- 

UCC'C, MOVKIIO BBHTB CHCTOMy ypaBHOHHH {.(12.19) H3 JIIoGorO HHKJia, IiaHH- 

naa co BToporo {.....} 2 h iio.TCTaBHTB b Hee Hen3BecTHBie iiia'iciiiivi nonHoro Mar¬ 
HHTHoro BHxpeBoro nona 11 n H3 peinama npe/iBi/iyincH chctcmbi ypaBiiciniii 
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{.., T.e.H3 CHCTeMBI {. 

} 2 h 3anncaTi> ee b Biiae 


. HanpuMep, ecnn B 3 aTB CHCTeMy ypaBiicniiii 


rotH^ = 0 


divH^ = 


C dt 


TO nO/JCTaHOBKOH H n H E q H3 pCHICIlHJI . , 


( 12 . 20 ) 


(12.19) cpa3y 5Ke HaxozjHM 


BonHOBoe ypaBHemie ana BiixpeBoro noTeHHiiana 


q > 0 BBiiae 


A&--^^- = 0 


C 2 dt 2 


( 12 . 21 ) 


X(n(J)(|)epeHUHpyK) npaByio h neByio nacTH bojihoboto ypaBHemia no BpeMeHHOH 
h npocTpaHCTBeHHon KoopannaTc. oicoHHaTenBHo naxoanvi 


A E„ 


1 9 % 

C 2 dt 2 


= 0 


(12.22) 


aft "-Fl^ 0 ,12 ' 23) 

TaKHM o6pa30M, npcacTaBneimc o nonHOM MamuTHOM none H n asuacy- 
mcroca aapaaa anaHUTenBiio ynpomaeT bbibo.t BonnoBBix ypaBneiinii ana nonen 
aneKTpoMarHHTHon Boniibi. HHTepecHO otmcthtb, hto b paMKax cj)opMann3Ma 
nonHoro BeKTopHoro MamuTHoro nona aBHVKymcroca 3apaaa e aneKTpHHecKoe 
none aneKTpoMarHHTHon Bonmn E a npeacTaBnaeTca yace b (])op\fc He BCKTopnoii 


BennHHHti, a b (])op\ic oOBnnioro cxanapa. B CBoe BpeMa, Koraa aBTopoM 6 binn 
caenaHbi BBiBoati, hto HeaocTaiomHM viariiHTiiBiM noneM b ypaBHeHnax Maic- 
CBenna (oKa3anocb) aBnaeTca cxanapHoe MamuTHoe none H | , to MHorne b Ka- 
TeropnHecKon (|)opvic He Mornn cornacHTBca c 3 thm bbibohom (cnnniKOM bbi3bi- 
Baiome npoTHBopenunn 3 th BBiBoati TpaannnoHHBiM npeacTaBneHnaM o Mar- 
hhthom none!). Ho Ha BBiinenpHBeaeHHOM npHMepe movkiio HarnaaHO yocnHTB- 
ca, ao KaKoii cTeneHH movkct H3MeHHTBca npeacTaBneHne 06 H3y i iac\ioM npea- 
MeTe npn H3MeHeHHH ncnonB3yeMoro ana onucaHna MaTeMaTHHecKoro (fjopvia- 
nH3Ma. 3aaana c|)H3HKa KaK pa3 h coctoht b ero yMeHini h choco 6 hocth oto- 
6 paTB TaKHe MCToaBi (JiopManBiio-MaTCMaTH'iccKoro onucaHna aBneHna, koto- 
pBie 6 bi b 6 onBHien CTeneHH OTpaacann (J)H3HKy onucBiBaeMoro aBneHHa. 

noKaaceM aanBine Ha cneayiomcvi npHMepe, hto (J)op\ianH3\i BeKTopHoro 
nonHoro MarHHTHoro nona H n , npn Bcex Kaacymuxca ero aocTOHHCTBax, b acM- 
CTBHTenBHOCTH, bccvkc He OTpaacaeT (JiH iHKy ancKTpo m a nm t n o ro aBneHHa npn 
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MeHHTentHO k cpcnc cJ)H3HHecKoro BaKyyMa. H3 paccMOTpeHHoro BBinie BBipa- 
acefflia nna 3Hepriin nonHoro MarHHTHoro nona H n (12.10), (12.11) Henocpen- 
CTBGHHO C.riC,3yCT, HTO npil yCKOpeHHH i'dpHJl'd e ,30 CKOpOCTH V JIieprUH IIOJT- 
Horo MarHHTHoro nona H n sapana He noaBnaerca b ORpyacaiomeM japan npo- 
CTpaHCTBe, a naooopoT ncncjacT H3 stoto npoeipaHCTBa. HHTepecHO 3neeB 
BcnoMHHTt Bi>icKa3i>iBaHHe A.IlyaHKape, KOTopuil oTMenan b CBoe BpeMa, hto 
« xapaKTcpnaa ocoociiiiocti, sneRTpunecKoro TOKa 3aicnK)HaeTca b tom, hto 3Hep- 
r11a MarHHTHoro nona «BTeKaeT» b npoBO,TiiHK», T.e. HCHe3aeT H3 orpyacaiomcro 
npoBOflHHK npocTpaHCTBa. 3,tccb oco6o cncnycT no.T'iepKiiyTB, /to KaKOH CTene- 
hh omnOoHHBie npencTaBneHiia b coBpeMeHHOH (J)H3HKe MoryT rpy6o HCKaacaTB 
310 a6cypna neHCTBHTenBHyio npupony <J)H3HHecKoro aBnemia. HanpuMep, no 
nacToamcro BpeMeHH mbi nocToanno yTBepacnann ( jto 3anncaHO bo Bcex Harnux 
HayHHBix TpaKTaTax h MOHorpacJiHax!), hto npn ycKopeHHH japana hjih C03na- 
hhh 3JieKTpHHecKoro TOKa mbi coBepniaeM paooTy, KOTopaa TpaTHTBca Ha o6pa- 
30BaHHe MarHHTHoro nona b npoerpaHCTBe okojio nBnacymeroca japana hjih 
TOK a, a H3 BBiBO.ua (12.11) cnenyeT, hto 3Ta SHeprua nonHoro MarHHTHoro nona 
aBnaeTca Bcnii'innon oTpimaTenBHOH!!? Hto 3Ta SHeprua He noaBJiaeTca b npo- 
CTpaHCTBe OKono nBnacymeroca japana, a naooopoT ncncjacT H3 3Toro npo- 
CTpaHCTBa. /HciicTBiiTcnBiiaa (jin jHKa aBneHiia BjanMonciicTBua nriiivKymcroca 
japana co cpcnoil (j)HJHHCCKoro BaKyyMa 3aicni0HaeTca b tom, hto b cocToaHini 
noKoa japana e b cpcnc <])H3 h' ice koto BaKyyMa, nneprua sneRTpiinecKoro nona 
E a japana e, onpenenacMaa paooToii nonapn jani-rn cpcnw ([jujHHecKoro BaKyy¬ 
Ma 


W A =- 
A 2 


‘E n e n dr = ^-\ ^ = 


' dr 
~2 


e o e 0 

2 r n 


= Wr 


(12.24) 


HMeeT MaKCHManBHoe 3HaHeHne. Ilpn /ibh'/Kciihh ace japana e b cpcnc c])H'jhhc- 
CKoro BaKyyMa ncpBonananiniaa nnoTHaa CTpyKTypHaa ynaKOBKa nonapirjaiin- 
ohhbix japanoB, ecTecTBeHHo, nonnciia KaK-To HapyiuiiTBca, hto nonncno npn- 
BecTH k nccjxjpMaiiHH incKTpH'iccKoro nona E japana e h yMeHBmeHHio Boincii- 
CTBiia 3Toro nona Ha ORpyacaiomiic sneKTpu'iccKHc japanm, T.e. k yMeHBmeHHio 
B3aHMononcTBHa HBii'/KyiHcroca japana co BceMH ORpyacaioiiuiMii ero japanaMii. 
3Ta nc<])opManila nncKTpH'iccKoro nona E cpa3y ace npocviaTpn b ac tc a. ccnn 
o6BeKTHBHo ynecTB KOHeHHocTB cKopocTH pacnpocTpaHeHna sneKTpn'iccKoro 
B03MymeHiia b cpcnc h nami'ina y nBiiacyincroca japana TpiiBnanBHBix janajnBi- 
Baiomux noTeHunanoB (cm. puc. 64). 




DiaBa 12. YpaBHefflie sn c KTp o nuna mhkh nna nonHoro MariiHTiioro 
_ nona nBiiacymeroca 3JieKTpnqecKoro 3apana _ 603 



/ T,c(])opMHporiaimoc oneRTpiinecKoe none /:, ot HBHVKymeroca nepBoro iapana 
ei b TOHKe HaxoacaeHna 3apaaa nerao ycTaHaBnnBaeTca npn yneTe yrna (p 
a6eppannoHHoro CMcmcnna BeKTopa aneKTpunecKoro nona E t ot nepBoro 3a- 
pa^a e, 

E\ = E ] cos cp = E^ 1 - sin (p)= E 1 (Vl - v 2 / c 2 ) (12.25) 

EcTecTBeHHO, npn net|>opMaiii-m aneKTpnnecKoro nona Ej nBH/Kymcroca iapana 
ej yMeHtmaeTca n ncpBonanantnaa sHeprua W E (12.24) sneKTpnnecKoro no¬ 
na 3Toro 3apaaa Ha BemiHHHy SHeprnn nonHoro MamuTHoro nona Wn (12.11), 
T.e. 

- W n = 1 El (l - V 2 / C 2 )dv = 1 [e 2 x - H 2 n )dv (12.26) 

V V 

Cnc/ionaTcnBiio, nncprna nonHoro MamuTHoro nona b npocTpaHCTBe okoho 
nBH/Kymcroca iapana He noaBnaeTca, KaK sto ohihGohho mbi nonarann paHee, b 
paMKax ycToaBuinxca Haninx TpanHiinonntix npencTaBneimii, a KaK pa3 Ha 3Ty 
BenunnHy yMeHtmaeTca nepBOHanantHaa SHeprua W E (12.24) sneRTpunecKoro 
nona noKoameroca iapana ei, Tpairc(])0p mh pyac h b «CKptiTyio» Ki-meTHHCCKyio 
nncprino .TBHVKymcroca sncKTp mice koto iapana, Korapaa ncnocpcncTBcimo cBa- 
3aHa c iipuponoli HHepunn iapa'A'ciinoil MaTepnn. 

Hn npuBeneHHoro Btime BtiBona cnenyeT, hto HHKaKoil 3Heprnn MarmiTHoro 
nona (hh nonHoro MaraiiTHoro nona H n , hi BeKTopHoro Ha. , hh CKanapHoro H||) b 
npocTpaHCTBe OKono nBnacynjeroca 3neKTpnnecKoro 3apana He noaBnaeTca Boo6n;e, 
a Ha6moflaeTca aBnemie necjjopManun nepBOHanantHoro He B03MymeHHoro 3neK- 
TpunecKoro nona 3apana h yMeHtmeHne OHeprnn 3Toro nona Ha BeniiHHHy npno6pe- 
TaeMoil 3neKTpoHOM KHHeTiwecKOH 3HepniH. Bonee Toro, Korna 6binn cnenaHbi no- 
nbiTKii onpenemiTb nepe3 BeKTop nonHoro MarmiTHoro nona H n 3Heprmo niiHaMH- 
necKOH nonapii3aHHH cpenti (j)H3HHecKoro BaKyyMa, T.e. pa6oTy nonapH3anHH Baxy 
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yMHoii cpeati (cneayeT bciiomhhtb, hto b sneicrpocTaTHKe sto nerao yjjaeTca cyje- 
naTb!), to 6 burn o6HapyaceHbi npHHi[HnnanbHbie Tpy^HOCTH HcnoJib30BaHiia (jjopMa- 
jiH3Ma nonHoro MaraiiTHoro noaa H n npHMeHHTeJibHO k b 3JieKTpoflHHaMHKe (j)H3H- 
HecKoro BaKyyMa. Yica3aHHbie o6cToaTeJibCTBa npiiBejni k Heo6xoaiiMOCTH noncica 
hoboto Bbixo^a m co3^aBmefica npoTHBopeaiiBOH cmyaijHH h noiicxa 6onee npneM- 
neMoro MaTeMaTHHecKoro (j)opMajiH3Ma, KOTopbiii 6bi b 6onbiueii CTenemi OTpaacan 
(J)H3HKy 3JieKTpoMarHHTHbix npoueccoB b cpe^e (J>H3HHecKoro BaKyyMa. H Taxon 
(J)opMajiH3M 6biJi Taxace HailaeH - sto cj)opMajiH3M rpaaiieHTHbix sjieKTpiiHecxHX no- 
nen flBitacymeroca sneKipnaecKoro 3apaaa (12.27)-(12.30), aim KOTopbix, b aacTHO- 
cth, mtokho eme 3aniicaTb 

a (r) = --^r 1 grad x ^ 0 (r), (12.27) 

C 

b(r)=-^grad r ^ 0 (r), (12.28) 

A ( r ) =- ~?-g rad x^( r )’ ( 12 - 29 ) 

C 

B ( r ) = _ ~T^8 rad L^o( r )- (12.30) 

IlpH rpynnHpOBKe hx b rpa/jneHTHbie sneiapHnecKne nona E^h j\jik napaji- 
jienBHO h nepneHAHKyjiapHO ^BHncymnxcfl 3apn,noB b BH^e 

E^=(a + b) = -^E 0 , (12.31) 

El=(A + B)=-^grad % (12.32) 

Him nojiHoil SHepnin sthx noneil Wj ycTaHaBJiHBaeTca yace HenocpeflCTBeHHaa 
B3aHMOCBa3b c pa6oToM noaapH3aunn (J)H3HHecKoro BaxyyMa 

W E V =i|E^e ol dr 1 +i(|Ej 7 e o2 dr 2+ |Eje ol dri)+^{Ele o2 dr 2 , (12.33) 

hto nojiHOCTbio 3KBHBajieHTHO 3Heprnn nepe3 BeKTopHoe nojraoe MarHHTHoe none 
W 12 (12.11) h onpe^eJiaeMbiM paHee SHepraaM aepe3 nona BeKTopHoro noTemjHa- 
Jia W£ , A 0 : 

Wj = Wy = = A 0 . (12.34) 

TaKHM o6pa30M, nyra coBepineHCTBOBamm npHBejra Hac, b icoHije kohijob, 
k TOMy, hto ycTpaHeHbi npaKTHHecKH Bee cepbe3Hbie npoTHBopenna b cnHTaB 
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rneMCa "iaKon'icimoM xnanian" coBpeMeHHOH nncKTpo/in n a mhkh, o/inaKO h Ha 
ZiaHHOM 3Tane Bpfl.l JIH MOVKIIO CHHTaTB 3TO "'VUIIIMC" 3.BC KTpO.l H 11 a M H K H nOJIHO 
CTBK) SaKOIl'ICnilBIM. Ho naMOOJTCC ynHBHTeJIBHBIM pe3yJTBTaTOM COBepmeHCTBO- 
B3HH5I OKananca ncovKH.ianiiBiH bbibo/i, hto hjisl HenpoTHBopeHHBoro OTpaaceHHa 
(J)H3HHeCKOH CyilUIOCTH 33KOHOB 3JTC KTpO Mar 11 CT H 3 M a IICOOXO/IHMO nOJIHOCTbK) 
OTKa3aTtca ot niooinx nonnTinin "MarHHTHoro nona" KaK iickoh caMOCToaTenBHOH 
(J)H3HHecKOH cyipHocTH, TaK KaK rpantneHTHBie sneKTpHHecKHe nona h 

no CBorfi npnpoae npe/iCTaBnaioT co6oh He hto HHoe, KaK ,ac(|)opMnpoBannyio 
nacTB 3jreKTpHHecKoro non a /iBHVKymcroca iapa.na. JIorHHecKHH ananian cno- 
>KHBHieHCa B 3JT C KTp 0 .1HIIaM M KC CHTyaHHH BHOBB npHBeH HaC K BBIBO.Ty, HTO ZIJIH 
onpencncima cnn B3a hm onc in c t b na ,iBin>KyinHXCH b ([ihthhcckom BaKyyMe peajiB- 
hoto npocTpaHCTBa nncKTpH'iccKinx napa/iOB Binonnc ^ocTaTO'ino ynecTB ,TC(})op- 
MaiiHio 3JieKTpHHecKHX nonen sthx napa/iOB. ooycnoBncimyio TpHBHanBHBiMH 
3(J)(|)eKTaMH nanan/iBiBaiominx noTennnanoB. 3aBepniHB BecBMa nninTcnBiioc Kpy- 
rocBeTHoe nyTemecTBHe b ncoOBainoM oxeaHe Knaccin'iccKoin nnc kT pon in n a mhkh 
h onarononyino MHHOBaB Bee ero KaBep3HBie nenpe.iBH.icniiBic cnynaHHOCTH h 
onacHBie rio/iBO/uibic pn(])Bi, mbi, k HameMy yninBneimio, bhobb BepiiynncB npaK- 
THHeCKH BnjIOTHyiO K TeM HCXO.nilBIM "npHMHTHBHBIM ", B paMKaX COBpeMeHHOH 
3JieKTpoziHHaMHKH, npencTaBncimaM o 3aKOHax nncKTpuHCCKoro h MarHHTHoro 
B3aHMomeHCTBHa, KOTopBie Ha 3ape pa3Bnraa HanajiBHBix npcncTaBneimii 06 
3JieKTpoMarHeTH3Me CToann ncpen (jnnninKaMin Toro BpeMeHH. OcTaeTca toubko 
ymHBJiaTBca nponopnin booth AMnepa, kotopbih eme b cBoe BpeMa npenynpcvK- 
nan, hto ecnn b nn c k Tp o n in ii a m n kc He OTKa3aTBca ot noHaTiia "MarHHT", to b 
majiBHeilmeM sto rpo3HT HeiiMOBepHOH nyTanmioin b Teopnn... 

CncnonaTcnBiio. nyra eoBepmcnoTBOBaima npHBenH Hac k neooxo.iHMOCTH 
oncnaTB, iiaKoncu. noon cnn in in h nainooncc OTBeTCTBeHHBiH mar h nonHOCTBio 
OTKa3aTBca ot (])0pMa.nn3\ia iho6bix bh.tob MarHHTHBix none in h hx aHanoroB. 
TeM Donee, hto H3 npoBC/icimoro BBirne aHajiH3a npocviaTpnBaioTcn ynce HeKO- 
TOpBie KOHTypBI HOBOH 3nCKTp0.1HIIaMHKH CTaTHHeCKHX H flHHaMHHeCKHX 3JieK- 

TpHHecKHX noncin. HanpnMep, conn b ypaBiicnnax nna noncin E 0 (12.14) h H n 
(12.15) (JiniHHCCKoro BaKyyMa peajiBHoro npocTpaHCTBa oOBcninninTB cTarane- 
CKoe 3JieKTpHHecKoe none E 0 c BeKTopHBiM nomiuM MarHHTHBiM nonevi H n b 
BH/ ie 3aBHCHMOCTH 

Efl = E e - H n = E 0 (1 - V/C), (12.35) 

to cincTeMa nn(J)ct)epeHHnaiiBHBix ypaBHeHini nneKTpocTaTiiKin h aneKTponiiHaMHKH 
npuHHMaeT KOMnaKTHBiH BHfl o6mefi chctcmbi aHtjxjtepemmanBHBix ypaBHeHinil nna 
niiHaMHHecKoro aneKTpiiHecKoro nona E fl : 

rot E fl = 0 , 


(12.36) 
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(12.37) 


(12.38) 


HaHOOIICC HIlTCpCCIlblM B 3TOH CHCTGMC Z(H(jKj)epeHUHajIBHbIX ypaBHeHHH JIBJIfl- 
CTCH TOT (JiaKT, HTO CTaTHHCCKOC H HWiaMUHCCKOC COCTOJIHHfl SJICKTpHHCCKHX 
none it E 0 h E, b btoh chctomo onpeaenaioTca npocraM nnnaMHHCCKHM K03(])- 
(JlHUHeHTOM (1-v/c). B CTaTH'ICCKOM COCTOJfflHH (V = 0) CHCTeMa ypaBHeHHH 
(12.36)—(12.38) onucbiBaeT oobihiibic bjicktphhcckhc norm noKoanpixca 3apa- 
aoB, b flHHaMHHecKOM ace (v ^ 0) cHCTeMa ypaBHeHHH (12.36)—(12.38) b nojiHon 
Mepe onpcncnacT Bee nona /iBHVKymuxca aapaaoB. Opnaxo, c npyroit cTopoHbi, 
nonyncimaa c|)opMa 3anncH ana awiaMHHCCKoro aneKTpHHCCKoro nona E ;[ 
(12.35) OKaaBiBacTCH b 3naHHTcnbiioit cTeneHH CTpaHHOH, Tax KaK npocrae yM- 
Ho>KeHHe 3 toto nona Ha noKoainHHca huh /iBH'/Kymniica sneKTpHHecKHH capaa. 
KaK 3 to mbi npiiBbiKJiH acnaTb, y>KC He onpeacnacT cnnbi b a a n m oa c it c t b m a jToro 
3apazia c an ii a mm h cc kmm sneKipnaecKHM noneM E fl . /la a onpeacneima chji bbbh- 
MoaeHCTBHJi an 11 a mh h c c ko ro aneKTpn'iccKoro nona E fl c rioKoamuMca hjih 
aBH>KymHMca aacKTpHMccKHM aapa.aoM 0Ka3biBaroTCJi neo6xoanMbiMn aononnn- 
TcaiaiBic ([lopMaaiaiBic MaTCMaTnnccKMC onepannH. 3 th oocToaTcnbCTBa CBnac- 
t caBCTByioT bob mo vkiio o tom, hto iicooxohmmo nnoo nanbneiimcc Bbiacncnne 
(J)H3HHecKOH cymHocTH aimaMHHecKoro 3JieKTpHHecKoro nona E a (12.35), jih6o 
noHCKH apyrnx nyTcil ana ([lopManbnoro oapaaceHira 3anHCH annaMnnccKoro 
aacKTpH'iccKoro nona nBnacyninxca aapaaoB. B KanecTBe nnnaMH'iccKoro ancK- 
TpHHecKoro nona E a aBnacymeroca aapaaa b aHajiorHHHOM npn6nnacenMM Moac- 
ho paccMOTpeTb, HanpHMep, acc|)opMnpoBannoc aneKTpHHecKoe none E' (12.25): 


E 0 ' = E 0 cos(p, 


o kotopom ynoMHHaaocb Bbirne. /(HHaMHHecKoe aneKTpHHecKoe none b tbkom Bnae 
E 0 ’ (12.25) o6naaaeT yace npeHMymecTBaMH, Tax KaK no3BonaeT onpeaenaTb cnny 
B3aHMoaencTBiM c hum noKoniHHxen n aBHacymuxcn 3JieKTpHHecKHX 3apnaoB. Kpo- 
Me toto, ni'KtKjjepemniaJibHafl CHCTeMa ypaBHeHHH aim aHHaMHHecKoro 3JieKTpHHe- 
ckoto nona E 0 '(12.25) b aHanoniHHOH ( 12.36)-( 12.38) 3anncH 


rot E = 0 , 


(12.39) 



(12.40) 


(12.41) 


HMeeT Te ace npeHMymecTBa, onpeaenaa CTaTiinecKoe h flHHaMiiHecKoe cocToaHiia 
BJieKTpuHecKoro nona, ho yace HecKOJibKO hhbim anHaMnnecKHM K03cj)(J>HHHeHT0M 
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BbMBJiaeTca HHTepecHaa (})H3imecKaa cymHOCTB 3Toro nona. H 3 (12.42), b nacTHO- 
cth, bhobb cneayeT, hto HananbHaa 3Hepriia W Eo aneKTpimecKoro nona noKoainero- 
ca 3apaaa yMeHbmaeTca npn nBHaceHHii 3Toro 3apaaa, npimeM Ha Beanm-my KaK pa3 
paBHyio SHepniH (JiopManbHO BbiaBnaiomeroca nonHoro MarHHTHoro nona H n . To 
ecTb bhobb noaTBepacaaeTca, hto aencTBirreabHaa 4>H3imecKaa cynmocTb 3Hepnm 
W„ noaHoro MarHHTHoro noaa 3aKai0HaeTca b tom, hto 3Ta SHeprua b npocTpaHCTBe 
OKoao aBHacymeroca 3apaaa He noaBaaeTca, KaK sto o6menpiiHaTO CHHTaTb, a ncne- 
3aeT H3 Hero. OOHapyaciiBaeTca eme paa apyrnx HHTepecHBix cneacTBim npeacTaB- 
aeHHa o aimaMHaecKOM saeKTpHaecKOM noae E' 0 (12.25). HanpHMep, ecan paccMOT- 
peTb B3aHMoaencTBHe aBHacymeroca saeKTpHaecKoro 3apaaa q c aneKTpimecKHM 
noaeM E' 0 (12.25) ot noKoamuxca 3apaaoB, to c yneTOM 3ana3abiBaiomHX noTemma- 
aoB h ae(J)opMauHH saeKTpHaecKoro noaa E aBHacymeroca 3apaaa sto B3aHMoaencT- 
BHe 6yaeT oTpaaceHo 3aBHCHMocTbio 



(12.43) 


ripiiHiiMaa bo BHHMaHiie Maccy m 3apaaa h npno6peTaeMoe Maccoil ycxopeHne w, 
3TOH ace 3aBHCIIMOCTH MOaCHO npiiaaTB BHa 



(12.44) 


3aBHCHMOCTb (12.44) OTpaacaeT co6oil peanbHbiH «penaTHBHCTCKHH» 3(Juj)eKT 
yMeHbnieHHa cnabi B3aHMoaeHCTBiia aBHacymeroca 3apaaa c aneRTpimecKHM 
noaeM E 0 noKoamuxca iapaaors. B paMKax ace oiiiHOomibix peaaTHBHCTCKnx 
npeacTaBaeHHH coBpeMeHHon 3a c KTpoa h na\i hkh 3aBHCHM0CTb (12.44) HHTep- 
npcTHpyeTca KaK 3(}k[)ckt "yBeaHnemia Maccbi" m D aBHacymeroca 3apaaa, ecan 
paaHKaa H3 aeBoii nacra nepeHecra HanpaBo: 



(12.45) 


anpuopHO noaaraa npn stom, hto aneKTpHnecKoe none aBHacymeroca 3apaaa h caM 
aneKTpimecKHH 3ap aa He npeTepneBaioT KaKHX-an 6 o aecfiopManim. CaeaoBaTeabHO, 
h b aaHHOM cnynae H3BecTHBie cnopHbie peaaTHBHCTCKHe npeacTaBaeHHa 06 "yBean- 
neHHH Maccbi" m u aBHacymeroca 3apaaa ao 6 ecKOHenHOCTH npn npnGanaceHiiH cko- 
pocTH 3apaaa k ckopocth CBeTa 3aMeHaioTca 6 oaee npneMaeMbiMH, c (j)H3HnecKOH 
tohkh 3peHHa, npeacTaBaeHHaMH o ae(J)opManHH aneKTpHnecKoro noaa aBHacymero¬ 
ca 3apaaa h yMeHbmeHHH ao Hyaa cnabi B3aHMoaeHCTBiia c hem BHeuiHHX noaeil npn 
npH 6 anaceHHH ckopocth 3apaaa k ckopocth CBeTa. HHTepecHbi b stom OTHomemm 
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H3BecTHbie MexaHiiiecKne aHanonni B3aiiMO,geHCTBHn Bpanjaiomero axopa c Bpa- 
njaiomHMca MarHHTHBiM noneM CTaTopa b chhxpohhom snexTponBiiraTene. IIo Mepe 
npiiOniivxeHiia CKopocTH Bpameniia axopa k cxopocTH BpameHna MarHHTHoro nona 
CTaTopa cnjia Bpanjaiomero MOMeHTa, npunovxeHHaa k axopio, yMeHtmaeTca, npn- 
6ni«xaacb k HyneBOMy 3HaieHiiio. flaHHaa MexaHiinecxaa aHanorna, xoHeiHO, nane- 
xa ot jjeHCTBHTejibHOH (J)H3hkh B3anMOfleHCTBna nBiivxymeroca 3apajja c snexTpuie- 
ckhm noneM, ho b Hen 3aaoaceH jjocTaTOHHO rny6oxi«i ({wbhhcckhh cmbicji 3Toro 
B3aHMOJjeHCTBHa. 

TaxoBbi, b ooirmx nepTax, nepcneKTHBbi nocTpocima 6onee huh MeHee 
nonHOCTbio nenpoTHBope'iHBoii 3 neKTpo.1 h na mhkh (])ii 3 H'iccKoro BaxyyMa pe- 
ajibHoro npocTpaHCTBa b paMxax npcncTaBncniia o CTaTii'iecKiix h nwiaMH'ie- 
CKHX 3 JTC KTp 11 'I CC K H X nOJiaX, B KOTOpbIX IlOJIIIOCTblO HCKHIO'iaCTCa IICOOXOHH- 
MOCTb onepupoBaHHa aBHO cjiopManbHbiMH npencTaBneHiiaMH o "MarHHTHbix 
nonax" h "MarHHTHbix noTOKax". O/iiiaKO, k covxaneHHio, b npaxTHnecxoM ot- 
HomeHHH o no/iooiioii nenpoTHBope'iHBoii i.icKT po.1 h1 1a miikc movkiio roBopiiTb 
noxa TonbKO, xax o cpaBHHTenbHO uanexon VKcnacMoii nepcneKTHBe, h6o, OTpa- 
vxaa rnyooKO yKopeHUBinneca h mbho orpainiHcimbic coBpeMeHHbie npcncTaBnc- 
Hiia 06 H 3 BecTHOM b Hayxe bcktopiiom MarHHTHOM none H L = rot A, HHepijHa 
MBimncima oonbinmicTBa y'iciibix b coBpeMeHHOH Hayxe HacTonbxo Bennxa, hto 
piavKC 'iacTH'iiioc eoBepmeHCTBOBaHne eoBpcMCinioii 3ncKTpo/imia\iHKH /lorion- 
HeHiieM ee 3 aBC/iOMO iic/iocTaioimiM cKanapHbiM MarHHTHbiM noneM H = - divA, 
nerxo ycTpaHajonjuM Miioro l iiicnciiiibic rpyobie npoTHBopcma xax b cavtoii Teo- 
pim, Tax h b axcnepHMeHTanbHbix iiaonio/ieiiiiax. Bbi 3 biBaeT y cncnnanncTOB 
CTonb pe 3 xyio OTpnijaTenbHyio peaxunio, hto movkiio ycoMHHTbca b hx ncxpeH- 
HeM cTpeMneHHH H 36 aBHTbca ot HMeJonjuxca b eoBpcMCinioii ane kT pon h1 1a\i iikc 
npoTHBopeHHH n napa/ioKCOB. ITpn 3tom HexoTopbie ciieiuianiicTbi oTxpoBeHHO 
OTpnijaioT iieooxoniiMOCTb xaxnx-nnOo iiiMciiciiiiii yxopciiHBiimxca b anexTpo- 
IjHHaMHxe npcncTaBnciiiiii. /Jpyrne npoaBnaioT aBHoe HenoHHMaHHe BHyTpeH- 
Hen npoTHBopeHHBOCTH n napa/io k canb iiocth coBpeMeHHbix mcto/iob b anexTpo- 
jjiiHaMHxe h OTpnijaioT cymecTBOBaHne b Hen /iavKc H 3 BecTHbix TpyniiocTcii h 
npoTHBopeHHH. Hto vxe xacaeTca o611apyvx hb ac\ibix napa/iOKcanbiibix, c no 3 H- 
hhh coBpeMeHHbix npencTaBncimii, 3 k ciicp hm ciiTanb11bix pe 3 ynbTaTOB, to cne- 
HHanncTbi nn6o npe/inpimiiMaioT 6 e 3 ycneiHHbie nonbiTxn o6bacHHTb hx b paM- 
xax H 3 BecTHbix n npoTHBopeHHBbix nopeHijeBCXHX MarHHTHbix cnn BiaiiMO/icii- 
CTBiia, nn6o Tonbxo "aBTopuTeTHo" ccbinaioTca Ha BOiMOVKiiocTb h3hth Taxoe 
o6bacHeHHe, /iavKc He nbiTaacb h3hth ero. 

Oooomaa bubo/iki no nonyHeHHio cucTeMbi n hi]) (])cpc11 iih anb1 1 bix ypaBHe- 
hhh una orincanna ancKTpo m ar11 ht11 oro nona /iBiivKymeroca iapa/ia b o6meM 
BHue, H3 HByx nonyneHHbix cncTeM ypaBHeHini (12.36)-( 12.38) h (12.39)-( 12.41) 
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ana a c (| > o p m h p o b a i in o ro .Ti'iiiaMH'iccKoro 3JicKTpnHecKoro noaa E ;[ (12.35) h 
.TC iJiopMHpBainioro noaa E' 0 (12.25), nonyHcnnoro m sanasnbiBaioinux noTeH 
HiianoB, KOToptie b pan noil cTeneHH nosBonaioT 3anncaTB nonnyio CHCTeMy 
,TH(|)(|)cpciiiinanBiiBix ypaBHeHHH b o6omeHHOM KOMnaKTHOM (]iop\tann3MC ,nn- 
HaMHHecKoro sneKTpHHecKoro non a aBHVKyincroca sapa.na, hh oany, hh npyryio 
CHCTeMy ypaBHeHHH ncnbsa cinTaTb, c (|ihshhcckoh tohkh spcima, 6e3ynpeH 
hbimh. XoTa o6a nonxona, Bo6meM, ynce ynuTbinaioT nHiiaMHHCCKHC HSMcncmia 
3JieKTpHHecKoro noaa E npn nBHVKCiinn sapa.na b cpc.nc <()H3HHecKoro BaicyyMa 
h, ooncc toto, o6a no/ixo/ia npoacnnioT. b KaKoil-TO CTeneHH, (J)HSHHCCKyio npn- 
po.ny onpcncncinibix nunaMHHccKHx h ancprcTHHccKHx nponcccoB b npocTpaH- 
CTBe OKoao a b h vk y i n c ro c a sapa.na, ho HcnoJii>30BaHHe (JiopMannsMa nonHoro 
MarHHTHoro noaa H n b ozihom cnynae (12.36)-(12.38) noJiHOCTtio HCKmonaeT, 
KaK 3 to y>KC OTMenanocb bbiiiic, bosmovkiioctb BbipaiHTb sncprmo 3Toro noaa 
nepe3 pa6oTy nonapnsanHH cpcnw (JinsHHCCKoro BaKyyMa. A sto osnanacT, hto 
HHK aKOH ncpcncKTHBbi ymyoncnna ([ihshkh annanra BsanMoncricTBHa nBHVKy- 
meroca sncKTpuHCCKoro sapa.na co cpc.noii (JinsHHCCKoro BaKyyMa y 3Toro (jiop- 
MajiH3Ma Boo6me hct. Hto ace KacaeTca BToporo cnynaa (12.39)-(12.41) ana 
XjecjsopMHpoBaHHoro aneRTpiiHecKoro noaa E' 0 (12.25), noayneHHoro H3 Harnaa- 
Horo h, c ([ihshhcckoh tohkh 3peHna, npoac noHaTHoro (JiopMannsMa sanas.nbi- 
BaiomHX noTeHUHaaoB, to 3Ta ynpomeHHaa sanncb aneKTpHHecKoro noaa E' 0 
(12.25) He yHHTBiBaeT caovKiiyio CTpyKTypy bccbosmovkiibix rpaanciiTiibix nonen 
b npocTpaHCTBe OKoao aBHVKyincroca sapa.na no OTHomeHHio k aio6oMy npoH3- 
BoabHO aBHVKyincroca npo6Horo sapaaa, KaK sto npc.ncTaBncno, HanpHMep, b 
(JiyiiKiinonaabiibix 3aBHCHMOCTax (12.27)-(12.30), A sto osnanacT, hto nnKaKoii 
nepcneKTHBti yray6aeHHa ([ihshkh aBaeHna BsaHMoncncTBua aBHVKyincroca 
aacKTpH'iccKoro sapa.na co cpc.nois ([iHSHnccKoro BaKyyMa h y 3Toro (|)op\ianH3- 
Ma TaKVKe boooiiic hct. TonBKO npn yncTC aorioabiio caovKiiyio CTpyKTypy Bce- 
B03MovKHBrx rpaanciiTiibix none in b npocTpaHCTBe OKoao aBHVKyincroca sapa.na 
no OTHomeHHio k aio6oMy npoH3Boabiio anavKyincMyca npo6HOMy iapa.aa (b 
tom Hiacae h sapa.ny BaKyyMHOH cpcaia), KaK sto naraaano npcacTariacno, Ha¬ 
npHMep, b (jayHKUHOHaabHBix 3aBHCHMOCTax (12.27)-(12.30) 

a ( r ) = _ “^g rad x<P<>( r )’ 

C 

b ( r ) =_ ~r 1 g rad i-^( r )’ 

A( r )=-^-grad x ^ 0 ( r ), 
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B(r)=-^grad^ 0 (r). 

y/iacTCfl BbipaiHTb pa6oTy /icc])opManHH sjicktph'icckhx nonefi cpc/ibi (])H3 H'ic- 
CKoro BaKyyMa c pa6oTOH nojrapimipoi qn/iyqqpoBannbix b stoh cpcqc nojiapii 
3auHOHHtix iapa/ioB BaKyyMHOH cpcqbi. Mtokho jih 3anHcaTi> riojinyio CHCTeMy 
,TH(|)(|)cpcni[iiaaBnBix ypaBHeHHH ana sthx noacii h nyacno jih hx imcaTB boo 6- 
me, noxa ocTacTca BonpocoM? IIpe/piaraeTca noxa Bee noay'iennbic Bbmic pe- 
ByabTaTbi no,3BcpniyTb cnaaaiia ray6oKOMy ocMbicJienmo h o6meMy aHanH3y. 
rionbiTKC t a koto aHajnm h ocMbic\ncim>i oyacr nocBJimeHa IV nacTB qannoil 
KHHrH. 
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HacTb IV 

HoBbie KOHuemiHH (|)H3HHecKoro MHpa 


1. Beeneinie 

npiiBC/icniiBic b Hanane khhth BbicKaabinanHsi MHorux bhtuibix yneiibix 
npoiHJioro jibhuhcb hcxo/jhbim HananoM b npoBe^eHHOM aBTopoM (1962-67 rr.) 
b MHoroneTHeM aHajiroe c:io}KHBHieHcn b <j)H3HKe napa^oKcantHOH CHTyaujiH 
[1-3]. Pa6oTa 6biJia nocBsnneiia aiiam-ny, ripoR'/ic Bcero, hcxotutbix npn'inn no- 
HBnemui b (])yHxiaMeHTajiBHOH c[)H3HKe oimi6oHHbix hcxo/jhbix KOHiienuiiH b oc- 
noBonarraraioinux (|)hwicckhx Teopiiux. Pent htict, npoK/ic Bcero, o cneunajit- 
hoh (CTO) h o6men (OTO) Teopim otiiochtc-Bbiiocth - TcopiiH npocipaHCTBa, 
BpeMeHH, TaroTcnna. 3neKTpoviarn hthbix hbjiciihh. TaKoil o6hihh o63op 6biji 
npeacTaBneH aBTopoM k cepe/pme 1967 r., ko BpeMeHH oKOHnamra ero y'icoBi b 

ToMCKOM nOJIHTeXHHHeCKOM IIHCTHTyTe Ha (|) H3H KO-TCX11H ' ICC KO M cjiaKyjibTeTe H 

k Hanany ero pa6oTBi b HHH MO npn TI1H. Jinn KonnerHanBHoro oocyvKncnna 
pa6oTBi, pemeHneM nupcKnn h iiHCTHTyTa, MaTepnanti 3Toro o63opa bo BTopoii 
nonoBHHe 1967 r. 6 bihh npezinoKeHti rjul ny6nHHHoro o6cy>KjieHHJi Ha oObexiH- 
HeHHOM iray'ino m ceMHHape HHH MO. TnH, TTY, COT 11 r. ToMCKa, Ha koto- 
poM npneyTCTBOBajiH BH^HBie npocjieccopa, KaHjjHjiaTBi HayK h yneHbie pa3Htix 
cneiiHajitHocTeH - Bcero 6onee 500 nenoBeK. nocne nponiezinieH 6ypHoil nmc- 
KyccHH, Ha KOTopoH 6 biiih BBicKa3aHi>i pa3Htie tohkh 3peHHJi Ha npo6neMy, o6b- 
eziHHeHHtiM ceMHHapoM 6i>rao npwiHTO penieHHe ony6jiHKOBaTB nnn imipoKon 
rnacHocTH h 6onee mnpoKoro oocy'/K/icnna no.miHTbix b o63ope aiayajibHbix 
BonpocoB CHanana pecjiepaT MOHorpacjiHH (nopjmica 200 3K3.) a Jin paccbiJiKH no 
HayHHBIM HCIITpaM CTpaHBI. ABTOpC([)CpaT MOHOrpac|)HH 6tIJI pa3MHO)KeH H pa30- 
cnaH no pa innHiiBiM HHH h b i t a y h ii o - t e x ii i-i h c c k h c 6n6nHOTeKH. 

B peiy.aBTaTC imipoKOH otkpbitoh TU-iCKyccmi aBTopoM 6bijih nonyneHti 
cothh nnceM ot pa3Htix cneunajiHCTOB, KOTopbie TaioKe BbicKa3biBanH CBoe 
MHeHHe o cnopHbix npo6neMax coBpeMeHHOH <])H3hkh h ncynoBneTBop bitchbiio ii 
HHTepnpeTaiiHH MHorux hbjichhO b CTO h OTO. /JjiHTenbHaa nepenucKa co 
MHoniMH cneunanHCTaMH no Been CTpaHe no3BOJiH.ua npocKaHnpoBaTB MHeHiM 
MHornx cneunanHCTOB b pa3Hbix o6nacrax iiayKH h tcxhhkh, 6onee tohho onpe- 
.nenHTb npnHHHBi noaBneHiM b <])H3HKe napaziOKcajibHOH CHTyaipiH h ccjjopMyjiH- 
pOBaTB KOHTypBI OCHOBHBIX BICXOTIIIBIX KOIIHCnHHH HOBbIX nOJIOJKeHHH. BBIX0,3 




612 


3JIEKTP0AHHAMHKA <M13IMECKOrO BAKWMA 


H3 TyniiKOBOH CHTyailHH B COBpeMeHHOH (])H3HKC OKaSaUCfl B03M0)KHbIM TOJIbKO 
npn OTKa3e ot mhothx, noBTopaio - mhothx h3bgcthbix (|)yii.3aMCHTaabiibix 
npnHunnoB, nocTynaTOB h ,na:>Ke c[)h:iococ[)ckhx KOHuenuiiH. Huace 6yneT npiiBe- 
jjeHo c)KaToe H3Jio>KeHHe y>K'c Ha cobpgmghhom ypoBHe Tex H3MeHeHHH, KOTopbie 
npeanaranocb cponHO eme b 60-x ronax ocymecTBHTb b COBpeMeHHOH cj)yH,na- 
MeHTajIBHOH (|)H3HKC, 'ITOOBI nOKOHHHTb, IiaKOHCH, CO BCeMH OCHOBHBIMH HMeiO- 
HJHMHC3 npOTHBOpeHHJIMH H napa^OKCaMH H C(J)OpMyjIHpOBaTb OCHOBBI cj)yH/ia- 
MeHTanbHOH (|)H3hkh XXI Bexa. B nonHOM bh.tc 3tot aHanH3 npc.TCTanacii b pa- 
6oTax [1-25,30,31] h oy/ieT b /lonoimcimoM h yTonncnnoM bh.tc nonHocTbio 
ony6nHKOBaH bo btopom ruiaHupyeMOM iihkjtc pa6oT aBTopa «OnTH'iecKaa h 
aneKTpoflHHaMHHecKaa acHMMeipuji peajibHoro okoho3Cmhoto npocTpaHCTBa 
(])H3HHecKoro BaicyyMa». 

npuBe/ieHHbie hidkc BbiBonbi cnejiaHbi Ha ochobc rnyOoicoro aHajnm oc- 
HOBHblX npHHHH napajIOKCajIbHOCTH COBpeMeHHOH (])H3HKH, HO Bee 3TO npe/IIia- 
ranocb paHee (b 1970-x ronax) h npezmaraeTca cennac rjisl OTKpbiTOH nncicyc- 
chh, HTo6bi eme 6onee yTOHHHTb h 0TnuiH(])0BaTb ncxozmbie noHJiTiM c[)yH,na- 

MeHTajIbHOH (])H3HKH XXI BeKa. H3-3a OKaTOCTH H3HO>KeHHJI, B 063OPHOH HaCTH 
khhth He oy.TCT npHBO.THTBCJT /icTajTBiiBiH aHanH3 Bcex npoTHBopeHHH h napa- 
TIOKCOB, K KOTOpbIM npHBOTHT MHOTHe OIIIHOO'IHBIC KOHHCnHHH COBpeMeHHOH 

c[)H3hkh h cneTicTBHJi H3 hhx. MHorae H3 hhx onucaHbi b [2, 3]; b HHKJie ony6nH- 
KOBaHHbix pa6oT no npooncMC «OnTHHecicaa h 3ji e k t p o n h n a m h h e c k a a acHMMeT- 
puji peanbHoro OKOno3eMHoro npocTpaHCTBa» [4-10]; b imioie onyOnHKOBaHHbix 
paooT «HeH3BecTHbie paHee b nayKC aBJienna 3JieKTpoMarHeTH3Ma. CicajiapHoe 
MarHHTHoe none» [11-25]; b MOHorpacjmH [30]; b BbimemneH H3 nenaTH KHHre 
H3 nepBoro HHKJia pa6oT [31] h b o63ope [1], O/inaKo, hto6bi He obitb aocojnoT- 
ho ronocnoBHbiM, no HanOonee npHHimnHajibHbiM h oneHb BaacHbiM BonpocaM 
6ynyT np hbc,tciibi npHMepbi h HeKOTopbie ,t o k a3a tctb c tb a npaBHJibHOCTH bbi- 
CKa3aHHbix nojio)KeHHH, xoth. b npnnnnne, MoryT 6biTb npuBc/icnbi eme h npy- 
rnc 6onee nonHbie noKasaTcaBCTBa. OKasanocb iicooxothmbim oTKoppeKTHpo- 
BaTb, npeame Bcero, Taicne ocHOBHbie cj)Hi[oco(])CKHe h cjmsHnecKiie onpeneneHiia 
h noHaTHa, ktik peanbHoe npoeipaHCTBO, a6cTpaKTHoe npoeipaHCTBO, MeipnKa 
peanbHoro npocTpaHCTBa, cy6beKTHBHoe h (J)H3HHecKoe noHaTue BpeMeHH, c[)h- 
nococ[)CKoe h (])H3HHecKoe noHaTue MaTepnn, B3aiiMOCBa3b \iaTcpnn h tbh'/Kciihh. 
(J)H3HHecKoe noHarae Maccbi h ee B3aHMOCBa3b c MaTepnen, Mepa KOJinnecTBa 
Maccbi, Macca nncpnnonnaa, Macca rpaBHTannonnaa, Macca sncKTpoManiHTnaa 
h hx B3anMOCBa3b vicvK.Ty co6oh. 06napy>Kcna cymecTBcnnaa orpannncnnocTB 
npHMeHHTeJibHO k peanbHOMy npoeipaHCTBy rpaBHTamioHHoro noaa h c[)H3HHe- 
ckoto BaxyyMa «c[)yH,naMeHTajibHoro» npiiHimna OTHOCHTenbHOCTH, npiiHimna 
nocToaHCTBa ckopocth CBeTa, npnnnnna sKBHBaneHTHOCTH. B peanbHOH tchct- 
BHTenbHocTH He cymecTBycT hhk3khx Tax Ha3biBaeMbix «penaTHBHCTCKHx» 3<jj- 
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(j)eKTOB yncm-inciinsi xiac'cbi, 3a\ic,iacnna xo/ia BpeMemi, coKpamcnnsi 0Tpe3K0B, 
HCKpuBneHHJi npocTpaHCTBa, npeBpamefflie MaTepiiH b SHeprnio h zipyrne aHano- 
rHHHtie a 6 cTpaKTHi>ie bbibotibi CTO h OTO. B peajitHOH ,3 c ii ct rs n tc n b 11 o c t n He 
cymecTByeT flBneHHe zjyanH3Ma «HacTHiia-BonHa», npn hbjichhh aHHurmu iijhh 
pcaabiiaa MaTepna He npcnpamacTCH b 3Heprmo, b npnpoac He cymecTByeT mh- 
ijjHHecKHx TopcnoHHBix nonefi h T.a. h T.n. Bee SJieKTpH'ICCKHC H TaK IiaablBae- 
Mbie «MarHHTHBie b ian mo/ic hot bh h » b /icncTBHTcnbiiocTH npeztCTaBJiaioT co 6 ofi 
OOblHIlblC CTaTH'ICCKHC H 3 H 11 H M H l I C C KIIC B3aHMO,TCHCTBH>I OneKTpHHeCKHX 33pH- 
30 B b cpexie (J)H3HHecKoro BaxyyMa eooTBeTCTBeHHO npn He,nec|)opMHpoBaHHBix 
3JieKTpHHecKHX nonax (cTaTHKa - 3ana3^biBaiomHX noTeHimanoB HeT) h npn 
TieiJiopMHpoBaHHbix sneKTpHHecKHX nonax (jjHHaMHKa - npn HanHHHH 3ana3/(bi- 
BaiOIUHX nOTeHHHajIOB). /JllHaMHHeCKHe SJieKTpHHeCKHe B3aHMO,HefiCTBHa B (J)H- 
3HKe OIIIHOO'IIIO IiaiBailbl IICKHM «MarHHTHBIM B3aHM 03 CiiCTBHCM», MC'/KTiy TeM 
Kax b peajibHOH ,3 c ii ct b n t c n b 11 o c t n hhk3khx viariiHTiibix nonefi He cymecTByeT. 
B npaKTHnecKOM oTHomeHHH oKa3anoci> /locTaTonno ynooiibivi cnmaTB, hto b 
npocTpaHCTBe OKono, nanpiiMcp, concuon/ia c tokom noaBiinocB HeKoe «Mar- 
HHTHoe none» Kax HOBoe (J)H3HHecKoe none, Korapoe o6ycnoBnnBaeT noaBneHne 
h hoboto (J)H3HHecKoro aBnefflia - B3aHM0,aeficTBHa 3 toto nona, HanpHMep, c 
npyruvi tokobbim con c no 11,30 m nnn (|)cppo\taniHTiibi\i bcihcctbom. Ho /ichctbh- 
TentHan <J)H3HKa aBnemia 0Ka3anacb Taxofi, hto 3Heprmia «noaBnaiomeroca 
MarHHTHoro nona» 0Ka3biBaeTCJi BenHHHHofi OTpHiiaTcnbiiofi (h mbi TenepB yace 
3HaeM, hto SHepriw MarHHTHoro non a /iciicTBiiTcnbiio aBnaeTca BenHHHHofi ot- 
pnuaTenBHofi!!!), a o6HapyacHBaeMBie BiaHMO/iciicTBiisi c «MarHHTHBiM noneM» 
o6yenOBneHBI KaKHMH-TO BHyTpeHHHMH H3MeHeHHJIMH (|) H 3 H H CC K H X CBOfiCTB 
npocTpaHCTBa oxono coneHoima, Kor^a nepe3 Hero nponycKaeTCJi sneRTpune- 
CKIlfi TOK. H HMeHHO 3TH CKpBITBie (|)H3HHCCKHC npOUCCCbl B B npOCTpaHCTBe 
oxono coneHO/ia c tokom b coBpeMeHHofi aneKTpoziHHaMHKe 0Ka3anncB npocTO 
HCKnioHeHBi H3 paccMOTpefflia, Kor/ja 6Binn c/ienaHBi .nonymefflia peanBHOCTH 
cyinecTBOBaimsi MarHHTHro non a. Cne/iOBaTcnbiio. b npocTpaHCTBe oxono cone- 
nonna 6e3 tokb He pannasi Hynio BHyrpeHHan sncprnsi yace 6Bina, ho He npnnn- 
ManacB bo BHHMaHne no npn'inne Toro, hto HHKaKoro peanBHoro smnciiHsi oxono 
coneHOH.ua 6e3 TOKa He Ha6nKmanacB. 

,ZJaace b paMKax H3BecTHoro h ooinenpnnsiToro MaTeMaTiinecKoro (jiopMa- 
nH3Ma MaKCBenna 0Ka3BiBai0TCJi ncooxoniiMbiMii cepBe3HBie H3MeHeHiia b sneK- 
TpoflHHaMHKe, TaK KaK iico6xo,thmo nonycTHTb. KaK yace OTMenanocB BBirne, 
peanBHocTB cyinecTBOBannsi eme onnoro nnna HeH3BecTHoro paHee MarHHTHoro 
nona - ckojih pnoro MarHHTHoro nojiH co bccmh BbiTCKaioinnMn oTcio/ia no- 
cnezjcTBHaMH. H noKa Bee sth niMcncnnsi He Oynyr cornacoBaHBi c hobbimh 6o- 
nee nOnHBIMH (|)H3HHeCKHMH H (|)HnOCOC|}CKHMH B3rnjmaMH H BB073HMBIMH HOBBI¬ 
MH HCXOTJHBIMH cj}HnOCO(|)CKHMH H (J)H3HHeCKHMH nOHaTHaMH, BBIX 03 H3 C033aB- 
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IlICHC'a KpH3HCH0H CHTyailHH OyHCT HeB03M0>KeH H TynHKOBBie CHTyaHHH B (|)H- 
3HKe oyayT iici-noc'/Kiibi. Bee 3th cjiaicTBi cb iincTcnbCTBy iot coooii o uiydoKOM 
Kpn3nce seen coBpeivieHHOH (jjyHaaMeHTajibHOH (|)H3iikii. 

He Bee eme, hto npocMaTpiiBaeTCJi Ha ropH30HTe (|)yiiHaMciiTanbiioii (|)H3 h- 
kh XXI BeKa, ocTaeTCJi OKOii'iaTcnbiio nonsmiBiM, ho miiothc BBicKa3aHHBie bbi- 
rne h 6oaee ncTanbiio oooomcinibic Hirsce b naimoM o63ope h b ochobhbix pa3- 
aenax naimoii khhth bbibo^bi, HecoMHeHHo, aojdkhei obitb npuHJiTBi bo bhhm 3- 
HHe. Miicpima MBimaeHHJi Harnero coiiiainia nopo'/Kncna caMHMH vkc HaMH npn- 
ZiyMaHHBIMH H yCTOJIBHIHMHCJI H0pM3MH H pOTMaMH B OIICHKC pOCTHrHyTBIX Ha- 
yHHtix 3H3HHH h o6mero npi-niiaima hx. Chhhikom non him OKaibinacTca nyTB 
n c c a c a o b a tc n a ot iiaiincimoro hm BepHoro pemeHHJi npooncMbi no MOMeHTa, 
Kopaa iiaiincmibic OTKpoBeHHJi ero y3Hai0T Bee >KenaioinHC 3 to yniaTb H3-3a 
npnnyMaHHOH caMHMH ace HaMH BCCBMa ycaovKiicnnoil h hbho HecoBepmeHHOH 
(|)op\f bi ohciikh y>Ke H3BecTHBix 3H3HHH h nponarannbi iiapo'/fcnaioinuxca hobbix 
H ayHHBIX 3H3HHH. HcilIIOCTB MHOrHX y>Ke HaH/iamBIX HCnOBCHCCTBOM paHee 
3H3HHH an6o yTepjiHa, jih6o HeyMepeHHO npeyB enunuBa ctc a H3-3a HCTopn'iccKH 
cno>KHBmeHca onpcncncimoii iiHepTHOCTH Harnero Mbiinncima h yKopeHiiBHiiix- 
ca b Hac saevieiiTOB jibhoto KOHcepBaTH3Ma, aisiiBinuxca cncncTBiicM nniiTenb- 
hbix SBoaioiiHoniibix npoiicccoB h noBceMecTHo nponaraii,a h py cm bi x Ha Ka>KaoM 
3Tane icyaBTOB, Kaic OTMenaaocB y*e Bbirne, npeKJioHeHHJi Harnero co3HaHHJi ne- 
pea KyMHpaMH h aBTopHTeTaMH npomaoro. FIpouccc 3Bonionnoimoro H3MeHe- 
hhji Harnero coiiiainia iincT iicaonycTHMO vicaacimo. hto eme Donee BaTaniBacT 
KpH3HCHoe cocToaimc b coBpeMeHHOH iiayKC. Ecan mbi caMH Dyacvi paaBHisaTbca 
T3KHMH MCaaCHIlblMH TeMnaMH, HTO JIBHO He COOTBeTCTByeT TeMnaM pa3BHTHJI 

o6mero TexHiinecKoro nporpecca b coBpeMeHHOM MHpe h y>Ke cennac Harne 
co6cTBeHHoe co3H3HHe aBnacTca nocTaTOHiio cepBe3HBiM TopM030M pa3BHTHJi 
o6mero tcxiihhcckoto nporpecca, to nanbiiciimcc Harne KOHcepBaTHBHoe co- 
CToaHHe b Bonpocax Harnero >Ke co6cTBeHHoro coBcpinciicTBOBaima oyacT npo- 
cto HeaonycTHMBiM. B coctojihhh o6mero comianbiioro xaoca b ooihcctbc, ko- 
TopBiH b iiacToamcc npcvia, k co'/R'anciiHio, mbi nepeaciiBaeM, Tcnacniui h pocTa 
Harnero o6mero caMoco3HaHHJi Bp a a an 0 Ka>KyTca bo3mo>khbimh. FIpcvKac Bcero 
aoa>Kiia 6bitb H3MeHeHa oomaa coiuianbiiaa noaiiTiiKa b ooihcctbc, KOTopaa Ha- 
npaBaeHa noxa Ha naea>Kncim h niuMCinibix HHTepecoB aHHHOCTH. Be3 cepBe3- 
hbix H3MeHeHHH b counaaBHOH noaHTHKe o6mecTBa Bpaa an OKavryTca bo3mo>k- 
hbimh cepBe3HBie HiMciicnna Harnero ayxoBiioro caMocoiiiaima h ocoiiiaima 
BBiciHHx uenen iiayKH. oomccTBa h aHHHOCTH. Tax hto npo6aeMBi oomcii 
HHepTHOCTH Mbiinncima yneHBix, «TexHHHecKOH» IiHepTHOCTH Mbiinncima mho- 
rnx yneHBix h HHepTHOCTH Mbiinacinia oTaeabiioii aHHHOCTH b ooihcctbc bo 
mhotom OKaibiBaioTca b 3 a h moc b a 3 a i i i i hi m h . Hcooxoanvia oomaa coiuianbiiaa 
pcBoaiomia b HarneM co3HaHHH He ToaBKo b nayKc, ho h b ooihcctbc Boo6me. 
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/lyiHTCJTbllMH SBOJHOHHOHHblH nyTI> pa3BHTHJI C03HaHIM HC-TOBCKH y>Ke ,33B- 
HO Iiy'/K/iaCTCSI peiHHTeJIBHOM H3MeHeHHH. y>Ke /TaBIIO B pCBOJIIOUHOIIIlOH JIOMKe 
nyvK.iaioTCH ycTapeBimie h TiaBiio ot'/Khbiiihc npe.TCTaBJicimji, KaK b HayKe, TaK h 
b o6mecTBe Boo6me. OzjHaKo, b nacTOHincc Bpeivra, b ncpno/i BpeMeHHoro xayca 
b o6mecTBe h ooincii counajibHOH HeycTpoeHHocTH y'icnBix h bcch HayKH b nc- 
jiom, roBopuTB o caMoco3H3HHii h Bbicimix onaropoTUiBix ueiiax y'icnoro ccii'iac 
npocTo npc>K,3CBpcMciino. Hcooxo.thmo, ohcbittiio, KaKoe-To BpeMJi Ha oKon'ia- 
HHe iianaTBix counanbHbix nepeMeH b HanieM o6mecTBe. Bticmne OnaropoTUibic 
IICJIH Ka'/RTIOH C03HaTeJIBH0H JIHHHOCTH OOIHCCTBa flOJDKHH CTaTb, npC'/K.TC BCerO, 
ncpBoo'icpc.THBiMH hcjihmh caMoro OOIHCCTBa, ero rJiaBHOH ncpBOO'ICpC.TIIOii 
3a/jaHeH. 


«... eeo6xoflHM 3HaHHTejibHo 6onee pa^HKajibHbiH nepecMOTp Teopim 
OTHOCHTejIbHOCTH H KBaHTOBOH TeOpHH, npHHCM HaflO 6yfleT nonbITaTbea 
He Koe-KaK npHcnoco6HTb HbiHemHHe TeopHH, npiiHiiMaa b hx ocHOBe 
npeflnoJioacefflM, a KopeHHbiM o6pa30M nepecMOTpeTb hx normecKyio h 
(|)HJ ioco(J)CKyio 6a3y...» 

,H,5K. EepHaji. Hayxa b HCTopun o6mecTBa. - M.: IiJT, 1956 


2. O (JjyH/iaMeHTajibHbix ocHoeax {jnmiKM 

A K C H O M a TIHIC C K H C OCHOBBI COBpCMCHHOH (|)H3HKH 033Hpy IOTC H. npC'/K.TC 
Bcero, Ha MHoroHHCneHHbix ocHOBonoJiaraiomHX KOHuenuiMX, npiiHininax, no- 
CTynaTax, .nonymemMX KaK <J)H3HHecKoro, TaK h hhcto MaTeMaTHHecKoro h 4>h- 
.TOCO(|)CKoro co.TcpvKaiiHsi. flpH'icM ot CTeneHH iaKoii'icunocTH h nonHOTbi t|)op- 
MHpoBaHHJi Bcex ocHOBononaraiomHX Koniicnnuii h ycTanoB.Tcnna npaBHJiBHOH 
HX B33HMOCB5I3H MC/K.Ty C 060 H B jliaHHTCTIBIIOH CTeneHH 33BHCHT OOTCKTHBIIOCTB 
OnHCailHH H .TOCTOBCpilOCTB OTpa>KeHHJI 3BJTCHHH OOTCKTHBIIOH /ICHCTBI-ITCJIBIIO- 
cth. npouecc (JiopMHpoBaHHJi ocHOBononaraiomHX KOHuenunn (jjyH/iaMeHTaiib- 
hoh <J)H3hkh /jajieKo He npocToe jjeno h k HeMy 6 bijih npunacTHbi b cBoe BpeMJi 
npaKTHnecKH Bee bcjihkhc yMbi nenoBenecTBa bo Bee BpeMeHa. 

Ha npoTJDKemiH BeKOB b Hayxe r o c n o 71 c t b o b a jt h , HanpuMep, Kjiaccn'iecKne 
npeacTaBJieHHH 0 npocTpaHCTBe, BpcMcim h tibiihvCiiiiii Marepiiii: npocTpaH- 
ctbo paccMaTpHBajiocb KaK (jjopMa cymecTBOBamui TiBHiacymeHCJi MaTeprai, npn 
3TOM npOCTpaHCTBO CHHTajIOCb a 6 cOJHOTHO nyCTbIM HUH 3anOJIHeHHbIM OHCIIB 
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tohkoh c pencil h npencTaBJumo coDoii npocra BMecTHJinme viaTcpn h. B cbhbh c 
3thm OKa3ajioci> KpaiiHe iicodxo.thmbim ,naTB hctkhc onpencnennsi. hto cncnycT 
noHHMaTB non peantHtiM o6i>eKmii6Ho cyufecmeyroufUM eue hoc u OKpyMcaioiijUM 
nac npocmpancmeoM, mo>kho jih h Korna mtokho peantHoe npocipaHCTBo chh- 
TaTB «nycTBiM hjih a6comoTHO nycTtiM npocTpaHCTBOM» npn otcvtctbhh b HeM 
MaTepira, hto cnc/iycT nonnviaTB non aocomoTiiBiM hcthhhlim npocipaHCTBOM, 
aOCTpaKTIlBIM MaTOMaTHHOCKHM nyCTBIM IipOCTpaHCTBOM, KaKOBa CBH3B BBO.TH- 
moto cy6i>eKTOM MepHoro npocipaHCTBa c o6beKTHBHbiM peantHtiM npocTpaH- 
CTBOM. KaKHe H3 3THX IipOCTpaHCTB CJICnyCT p 3 C C M 3 T p H B 3 T B KaK OOBCKTHBIIBIC 
noHarafl, a KaKHe - KaK cy6beKTHBHbie? Hto cncnycT noiinviaTB non onnopon- 
HOCTBIO, HBOTpOnilOCTBIO, 3KBHBajieHTHOCTbK> H CHMMeTpHeH npOCTpaHCTBa? 
Hto cncnyeT nomiMaTB non McpnocTwo npocTpaHCTBa Boo6me n vicpnocTBio 
peantHoro npocTpaHCTBa, KaKOBa McpnocTB peanbHoro npocTpaHCTBa, ABnaeTCfl 
jih vicpnocTB peantHoro npocTpaHCTBa oobckthbiibim hjih cy6beKTHBHbiM nom- 
TneM n T.n. Bnojme OHeBnnHO, hto TaKne onpeneneHHS pjw nioooii c|)H3hhcckoh 
T eopnn non'/KiiBi obitb c(|)opMynnpoBanBi nocTaTOHHO hctko h 6e3 nonymcnna 
nBycMBicjieHHocTn, hto6bi coxpaiiHTB onno jiraHiiocTB Bcex bbohumbix noHHTnn 
n 3KBHBajieHTHOCTB pC3ynBT3TOB o6o6meHHH RJISL mo6i>ix nocTpoemiBix Ha sthx 
ncxoniiBix Konncnnuax Teopnn. 

AHajiornHHtie onpeneneHini noiDKHbi 6 biti> ccjiopMyjiHpoBaHbi n npiiMeffli- 
TeJIBHO K npyrilM B3/KHBIM nOHJITHJIM, T3KHM KaK npOTJDKeHHOCTb, 6eCKOHeH- 
HOCTB, CHHIlHIia npOTJDKeHHOCTH, nOHJITHJI BpeMeHH, CnHIlHIUl BpeMeHH, OnHO- 
pOnHOCTB BpeMeHH, nOHJITHJI K0JIHHeCTB3 M3TepHH, KOJIHHeCTBO BCIHCCTBa, 3 a- 
pjin, Macca, Macca rpaBHTanHoimaH, Macca nncpnnonnan, Macca nneKTpoMar- 
HHTH3JI, nOHJITHJI HIlCpUHn. OTHOCHTeUBHOCTB nBH/KCIIHJI. H H113 M H H C C K 3 ST OTHO- 
CHTeUBHOCTB, aOCOniOTIiaH OTHOGHTejIbHOGTb, nBH)KeHHJI H (|)Op\fBI HBH'/KCIIHH. 

nBH}KeHne no npjiMOH, KpyroBoe nBHJKeHiie, onHOBpeMeHHocTn, onHOBpeMeH- 
iioctb coobithh. H3MepeHne OTpe3KOB, H3MepeHne BpeMeHH, H3MepeHne chjibi, 
H3MepeHne msccbi, cncTeMa OTC'iCTa, HncpnnajiBiiBic chctcmbi oTCHCTa, HeiiHep- 
unajitHtie chctcmbi OTCHCTa, Ha6monaTeni>-cy6i.eKT, MHpoBaa cpena, npeiiMy- 
inccTBcnnaH npuBiincrupoBannaji cncTeMa OTCHCTa, nenoHBHVKnaH cncTeMa ot- 
CHCTa, nBH'/KymaH cncTeMa OTcneTa, yBjieKaeMaa cncTeMa OTCHCTa, ncyfincKae- 
Ma a cncTeMa otchct3, HacTHHHO yfincKacvtaH cncTeMa OTCiCTa. npnimnn otho- 
CHTenBHOCTH, npnHiinn nocTosnicTBa cKopocTH CBeTa, npinmunBi cHMMeTpnn, 
npHHunn SKBUBanciiTnocTH, saKOHBi coxpaHeHHJi, noHJiTne nomi, HHBapnaHTHO- 
CTH npHMeHHTeJIBHO K npOCTpaHCTBy, BpeMeHH, 33KOH3M npuponw, HCKpHBJie- 
Hne npocTpaHCTBa, npHHHimo-CJiencTBCimajr cBJi3b, nncKpeTHOCTb, nenpepBiB- 
hoctb h T.n. h T.n. IIpH ana.mse jiioSoh coBpeMeHHoii <j)H3H*iecK0H TeopnH 
Bpnn jih ynacTca iiaiii 11 neTKHe onpenejieHHH xoth 6bi ociiobiilim BBonn- 

MblM HCXOnHbIM (j)IIJIOCO(J)CKIIM, 4>H3HieCKHM H MaTeMaTHHeCKHM nOHHTH- 
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hm, Hcnojib3yeMbix .[aiiiioii TeopiieH, hto cymecTBeHHO 3aTpygHaeT KaK no- 
HHMaHne 3toh TeopHH, TaK h ycTaHOBJieHHe a^eKBaTHOCTH ee Apyrmvi 6jih3- 

KHM TeOpHHM. 

B 4)hhoco(J)ckom nnaHe oneHb Bamro 6 bijio onpeaenHTb, npeayje Bcero, 
nepBHHHOCTb MaTepim o6i)CKTHBiioro peajitHoro Miipa h BTopn'inocTb Harnero 
C03HaHiM. Hcodxo/ihmbi bctkhc pairpaiiHHCima xicvKpy cyoi.cKTHBiiBiMH MeTO- 
,3a m 3 omicaHiia peaabHOH ,3C ii ctb 3TC3 bno cth h cavioil peanbHoil pchctbhtc-BB- 
HOCTBIO, BTOObI H36e>KaTb 3JICMC3T0B aBHOTO CVObCKTHBimf 3 H 33BHCHMOCTH 
OObCKTHBIlBIX aBJieHHH OT TO'IKH 3pefflia CyOlbCKTa-IiaOTIOTaTCTa. B COBpeMeH- 
hoh (|)hbhkc HMeeTca HeMano npiiMepoB ncnonb30BaHHJi 'iHCTciimcro cy6beKTH- 
BH3Ma B OIICIIKC OObCKTHBIIOl'l ,3C3CTB3TC3b30CT3. IIpHMepOM 'IHCTciimcro 
cy6i)CKTHBH3\ia b cneiinanbHOH TeopHH oTHOCHTeabHOCTH (CTO) A. OHinriTCHiia 
aBJiaeTca finnan 3aBiiciiMOCTb peantHbix oObCKTHBiibix hbjichhh b ooiioil (|)333- 
necKOH ciicTeMe OTC'icTa Bcero Jinnib ot to'ikh 3peHiia cy ObCKTa-naoa io,3aTC3a b 
zipyroii (|)HwiccKOH cucTeMe OTcicTa, Koiyaa aKiieiiT .nenaeTca He Ha otjihhhh 
caMHX pacc m aip hb ac mbix (|)H3H 1 icckhx chctcm OTcnera, a tojibko Ha npneyTCT- 
bhh (cymecTBOBaHHH) TaM caMoro cy6i)CKTa- 1 ia6aio,3aTC3a. B omicaHHH cbohct- 
Ba npocTpaHCTBa, BpeMeHH, TBHacefflia MaTepHH b CBoe BpeMa npoB03rjiainanHCb 
5IBHO CyGbCKTHBIIO-HOCajIHCTH'ICCKHC K033C33H3 (EepioiH, Jlciloomi. KaHT, Te- 
renb h ap.), h Mcacoy CTopoHHHKaMH hoc an hcthhcgkhx h m a t c p h ao 3 c t hhcckhx 
30 , 3 x 0 , 301 s (TajieneH, y(cKapT, KonepHHK, Kenoep, Hi.iotoii. JIomohocob, JIo6a- 
neBCKHH, Ocilcpoax, Fcpiico, HcpobiiiicBCKOo h zip.) maa oacecToneHHaa oopboa. 
MaTepnajiHCTHHecKHe npeocTaBJieHHa b Hayxe OTCTaiiBajiHCB c 6oih>hihm Tpy- 
OOM, h MHorne cnopHbie Bonpocbi no ocHOBonoJiaraiomHM KOHiieniiiMM b cJ>yH- 
ZiaMeHTajitHOH (|)hbhkc ocTajincb o ko n l iaTC jt bno He peineimbiMH boootb 30 Ha- 
CToamero BpeMeHH. B cjiopMyoHpoBKe npaBHJiBHBix noHaTHH h onpeoeaeHHH b 
( jiyHziaMeHTaiibHOH (j)H3HKe He Bee o6ctoht SnarononynHO oaace b HacToamee 
BpeMa. Ochobhoh bhhoh 3TOMy aBoaeTca 'ipcsMcpoaa MaTCMaTi-naiii-ia oayKO h, 
Kax cjicoctbhc, yxoo ot noHHMaHHa (|)H3 H'icckoh cyra HBjieHHH. CaMa no ce6e 
MaTeMaTHKa h ee m aTC m aT h 3 cckh il annapaT - sto hhctchihhh cyObCKTOBiibiil 
npoziyKT nenoBeKa h ino6aa MaTeMaTHiecKaa Mooeab (J)H3HHecKoro npouecca 
ocTacTca tojibko a6cTpaKTHOH Moocobio. Oopcococooaa CTeneiib npuGou/Kcooa 
3TOH M00C33 Ha pCaObliyiO 0 C il C T B 3 TOO b IIO CT b yCTaiiaBOUBaCTCa T03bK0 C3MHM 
CVOBCKTOM H Ha OCHOBe T03bK0 CBOHX CVOBCKTHBIIblX jaKOIO'ICIlH3. 0,333X0 He- 
OOCTaTOHHOCTB 3CX0,33bIX (|)ITS3'ICCK3X npC.3n0CbI30K 310003 TeopHH He MO>KeT 
ObITb a,3CKBaT30 H 3KBHB3JieHTH0 CKOMneHCHpOB3Ha 3IOObIMH M3TCM3T33CC K3 M 3 
nocTpoeHHaMH, k3khmh Obi 3 jH33ibiM3 h KpacHBBiMH ohh He 0Ka3a33Cb. B on- 
PC3C3C3303 CTeneHH 'ipCBMCpiIoil MaTeMaTH33LlHH H (|)0p\ta333a333 HayKH cno- 
co6cTBOBana h 'ipciNicpiiaa cne3Ha333a33a pa333'i3bix pa33C30B HayK, KOTopaa 
y^anana yneHbix ot paccMOTpeHna o6mnx 4 >h30C0(J)ckhx h (J)H3HHecKHX Bonpo- 
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cob. Ho raaBHOH npn'iniioil cnc/iycT ciHTaTb Bee >Ke HCTopn'iccKH cnomiBinyio- 
CfL KOHCepBaTHBHOCTB H IIHepTHOCTB MbHILTCIIHSl VHCIIBIX H HpCiMCpilOC npeiUIO- 
HeHHe hx ncpcn aBTopHTCTaMH nonyjiapH3HpyeMBix CTaptix Tcopiiii. Hto 6 bi co 3- 
paTB HOByiO Teopnio IICOOXOTIHMO yCTaHOBHTB HOByiO CHCTeMy B3 a H M O C B H3 a 11 - 
HBIX HCXOPHBIX (J)H3HHeCKHX npepnOCBUIOK, npHHUHnOB, nOCTyjiaTOB H3 0606- 
memm orpoMHoro cjiaKTHHecKoro h 3KcnepHMeHTanBHoro MaTepnana, o6i>eM 
KOToporo Ha Ka>K/io\i hobom 3Tane pa3BHTHJi HayKH HecoH3MepHMO OTHHHaeTca 
ot ino6oro npepBi/iymcro 3Tana. B no/ioonoii cmyaujiH, Konc'ino, jiia'iHTCHBiio 
npomc B3HTB 3a ocHOBy KaKyio-iiH6o CTapyio Teopmo h, He h3mchjiji hcxopiibix 
(J)H 3HHecKHX npepnocBinoK h nocTyjiaTOB, pacimipHTB oBnacra npiuiomiMOCTH 
ee 3a chct npn\ienciinyi KaKoro-nn6o hoboto, Ka3anoci> obi, ociooii/inoro t|)op- 
MajiBHO-MaTeMaTHHecKoro annapaTa huh KaKiix-mioo hobbix m aTC m aT h nee khx 
M erapoB oDoomeiiHsE Heni>3a cxasaTB, hto iiobbic hhcto MaTCMaTH'iccKiJc MeTo- 
pti aHajiH3a h o6o6meHHJi Boo6me OccnonciiiBi, Tax Kax ohh TaK)Ke CTHMynnpy- 
K)T KaKHe-TO HOBBie nOHCKH H nOJiyHCIIHC HOBBIX TCOpCTH'ICCKHX H TKCnepHMCII- 
TajiBHBix pe3yjiBTaTOB. Bcna jaKnionacTCH topbko b tom, hto nonyHeHHBie HOBBie 
hhcto (JiopMajiBHo-MaTeMaTHHecKHe o6o6meHHJi h nonyHeHHBie Ha hx ocHOBe 
HOBBie TeopeTHHecKHe h 3kc nep h vie 1 man b 11 bic pe3ynBTaTBi 3aBopa>KHBaioT hc- 
cnepoBaTeiw h CTHMynnpyioT ero pajiBHennine noncKH c noMomBio Tex >Ke 
cjiopMajiBHo-MaTeMaTHHecKnx MerapoB, KOTopBie Bee pajiBiue h 6onBiue yBozpiT 
ero ot hcxopiibix (|)H3hhcckhx npepnocBinoK. Huace oy/iCT npe/inpiimma nonBiT- 
Ka paTB xotji 6 bi o6mne onpencncnna ochobhbim hcxophbim c|)H 3 hhcckhm. MaTe- 
MaTHHeCKHM H (jlHIIOCOfjlCKHM KOHIienilHJIM npHMeHHTeJIBHO K HOBOMy p33BH- 
BaeMOMy nopxopy b o 6 b 6 kthbhoh oiichkc peanBHoro OKpy>Kaioinero Hac h He 
3aBHCJimero ot Hac \mpa h \iaTcpnanBiioii cymHOCTH npocTpaHCTBa cpc/iin c|)h- 
3HHecKoro BaxyyMa, ancKTpoviarn htiibix h rpariHTaniioiiiiBix nonen, peanBHBix 
MaTepnajiBHBix open h rpaBUTupyiomux Ten. 

"KpHTHKya o6me(J)HJioco(J)CKHe HpeajiHCTHHecKHe BbicKa3biBaHiM 
SHHiirreiiHa, HeKOTopwe roBopaT o Heo6xopHMOCTH coxpaHeHiia Teopim 
OTHOCHTeJibHOCTH SHHiirreiiHa KaK "(J)H3HHecKOH TeopHH". Ii3 CKa3aHHOrO 
Bbirne CJienyeT, hto TaKofi nonxon k shhihtchhobckoh Teopim othoch- 
TejibHOCTH HenpaBHJieH. Bo-nepBbix, o6me(J)HJioco(J)CKne nonoaceHiM, 
npoB03niamaeMbie SiiHinTeiiHOM, He aBJiaioTca Ha caMOM nene hckhm 
BHeiHHHM "npHBecKOM" k ero TeopHH, Bcero jiuhib "HenpaBOMepHbiM bbi- 
bopom H3 Hee", a bxopst b Hee, cymecTBeHHO onpenenaioT caMO ee co- 
nepacaHiie. CaMH no ce6e ypaBHCHHa, (JiHrypHpyiomHe b 3toh TeopHH, He 
COCTaBJIflKJT «(J)H3HHeCKOH TeOpHH» MaTepHajIHCTHHeCKOe ace HCTOJIKOBa- 
HHe 3aKOHOMepHOCTeH 6bICTpbIX PBHaCCHHH eCTb B neHCTBHTejIbHOCTH OT- 
Ka3 OT TeopHH OTHOCHTeJibHOCTH SHHIHTeHHa KaK OT (}>H3HHeCKOH TeopHH 
H pa3BHTHC npHHHHnnajIbHO HHOH no CBOefi CyTH (J)H3HHeCKOH TeopHH. 
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Bo-BTopwx, CTpeMJieHHe "noqnpaBJMTb" 3HHmTCHHOBCKyio Teopnio 
OTHOCHTeJibHOCTH "HHHHTb" hjih "naTaTb" ee 3anyTbiBaeT (^aKTHHecKoe 

nono- 

aceHHe qeji b stoh o6jiacTH 4>h3hkh. Oho HenpaBHJibHO opHeHTHpyeT yne- 
HblX, CHHMaeT C (J)H3HKOB 3aqaHy BCeCTOpOHHeil pa3pa6oTKH OCHOB qeHCT- 
BHTejibHO HayHHofi h nocJieqoBaTejibHOH Teopiin qBiDKOHiM c 6oJibnioii 
CKopocTbio, ocHOBaHHoil Ha npHHqunax qHajieKTHHecKoro MaTepHajiH3Ma, 
aqeKBaTHO BbipaxcaioiqeH cyiqHOCTb yxce no3HaHHbix 3aKOHOMepHOCTeii h 
OTKpbiBaromeH nyra qua pacicpbiTiM hobbix «3aKOHOMepHOCTeH». 

Ky3HeqoB II.B. cDiuiocoijicKHe Bonpocw coBpeMeHHofi (J)H3hkh. 

-M.: IIsq-BO AHCCCP, 1952. -C. 71. 

"... Mbi MoaceM qpeqcTaBHTb ce6e Mnp qpoHH3aHHbiM H3JiyqeHHCM, ko- 
Topoe qe TOJibKO yCTaHaBjiHBaeT MaTepHajibHyio cbsbb Meacqy BceMH Te- 
jiaMH, ho o6pa3yeT cBoeo6pa3Hbifi sneRTpoMaraiiTHbiH 4>oh...", hto 
«3neKTpoMarHHTHoe roJiyneHiie npeqcTaBJiaeT CBoero poqa yHHBepcajib- 
Hyio cpeqy, b KOTopoil qBHxeyTea TeJia" 

AneKcaHqpoB A.,ZJ. <I>HJioco(J)CKoe coqepxcaHiie h 3HaneHHe 
Teopnn OTHOCHTejIbHOCTH. - 1959. - C.20. 


3. OcHOBonojioraiomHe ncxo/iHbie KOHijeimiiii (JjioiiHecKoii 

TeopHH 

KoHTHHyyM oobckthbiio cymecTByroiqero h He 3aBHCJimero ot Hac oicpy- 
>KaK)mero MHpa onpe.TCJiacTca cJic/iyioinn\m ochobhbimh hohjithjimh - npo- 
CTpaHCTBO, MaTepHH h ee ,iBH/KeHne. Bee ocTajibHoe othochtcji k KaTcropim 
He 3aBHCJimeH ot cyOBCKTa o 6 i>eKTHBHOH q e ii ct b h t cji b no c t h , omicbiBaeMOH 
cy 6 beKTOM nocpeqcTBOM ero co 6 cTBeHHbix cy 6 beKTHBHO-a 6 cTpaKTHbix MeiogoB 
orpaacemia oicpy)Kaiomero ero MHpa. BtoGh oco3HaTb sto, npegcTaBbTe Ha 
MrHOBeHHe, hto obi Bbi cTann genaTb KaK cy 6 beKT, ecnn 6 bi, hmch nonHbie co- 
BpeMeHHbie npegcTaBJieHHJi 06 oicpy^aiomeM Hac MHpe h ero CTpoeHnn, oica3a- 
jihcb He3HaKOMBiMH c MCToqaMH H3MepeHHJi h KOHTpojia 3a BceMH npoqeccaMH, 
KOTopbie okojio Bac npoHCxoqaT. JJjw OTpa>KeHHJi npoqeccoB .ibh/Kciihh oobck- 
tob b peanbHOM 6e3MepHOM npocTpaHCTBe cy 6 beKT BMHyacqeH 6 biJi obi bbccth 
K aKyio-To cbok) cucTeMy KoopqqnaT h cboio cucTeMy H3MepeHHa nepeMeiqeHHH 
3 thx ooi.cKTOB b qaimoM Bbi 6 paHHOH cucTeMe KoopqqnaT. npuneM KaK bbc.tcii- 
naa hm CHCTeMa KoopqunaT, Tax h CHCTeMa H3MepeHHH qoq>KiiBi 6 biTb hckjiiohh- 
TeJIBHO npOCTBIMH H He 3aBHCeTb OT KaKHX-JIH 6 o BHeniHHX (|)aKTOpOB. HeTpyqilO 
6 bmo 6 bi eMy yocqi-iTBca b tom, hto qua (|)HKcaiiHH o 6 beicra b npocTpaHCTBe eMy 
qOCTaTOHHO OBIHO OBI BBeCTH MHHHM3JIBH0 BCeTO TpH KOOp.THIiaTIlBIC OCH. Bbl- 
6 paB KaKOH-TO 0Tpe30K H Ha3B3B eTO eqHHHHHBIM, HM 6 bUIO 6 bl VCTailOBOCIlO 
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nOHJITHe C/1HIIHHU H3MepeHHJI. TaK KaK Bi>l6op 3TOH C.THHHIIbl Meptl 6i>IJI ocyme- 
CTBJieH CaMHM HeUOBeKOM, TO 3TO nOHJITHe K o6beKTHBHOH peantHOCTH, KOIlC'inO 
>Ke, TaK>Ke He HMeeT HHKaKoro OTHOineHiui. CaMa BBiopaimaa cucTeMa Koopan- 
HaT H CHHIlHIia H3MepeHHJI npOTJDKeHHOCTH no KOOp.THIiaTIIoii OCH - 3TO HHCTO 

cyoi.eKTHBiibiH npo.iyKT neaoBeKa, ho kotopbih KpaiiHe iicooxohhm eMy aaa 
omicaHiM OKpy>KaK)meH ero a c ii c t b h Tea b n o ct h . FIpn irano'/Kcni-iH coiaainioii hm 
MepHOCTH Ha yCTaHOBJieHHBie HM >Ke B npOCTpaHCTBe Tpil KOOp.THIiaTIlBIC OCH OH 
nonynnn obi cBoe mbichhmoc TpexMepHoe npoeipaHCTBO. TaKiiM o6pa30M, aaa 
OTpa>KeHHJi peantHoro npocipaHCTBa cy6beKT BBinyvKoeimo coiaacT. npc>K,TC 
Bcero, cbok) a6cTpaKTHyio MQggjib oaHopoaHoro h hh ot nero He 3aBHCJiinero 
H3QTponHoro a6cojiiQTHO nycToro npOCTpaHCTBa , HaaeaeHHoro MepHOCTbio h 
eZIHHHHeH ZJHHHBI, BBC/ICiniBIX HM /KC B CB5I3H C OCTpOH )KH3HeHHOH IICOOXOOH- 
moctbk) HivicpHTB. CaeaoBaTeabHO, noHjrma KOopaiiHamaH CHCTeMa oie'ieia. 
McpiiocTb npocTpancTBa h eaiiHima aaiiHbi jmajnoTCH hhcto cvoiiCkthbiibimh 
nOHJITHJIMH. 

B o6i>eKTHBHOH >Ke aencTBUTeatHocTH, b 0Kpy)KaK>meM Hac peantHOM npo- 
CTpaHCTBe HeT hh KoopainiaTiiBix ocen, hh KoopainiaTiiBix chctcm oTcneTa, hh 
M epHOCTH npOCTpaHCTBa, HH eaUHHH aJIHHBI, TaK KaK B eaMOH npupoae 3TH no- 
hjithji caMH co6oh BHe cy6beKTa He onpeaeaaeMbi. FIosTONiy. aaa toto htoobi 
H ioc'/KaTB HCKaaceHHH b omicaHHH 0Kpy>KaiomeH Hac peantHon acHCTBHTcaBiio- 
CTH, HiOC'/KaTB CVOl.CKTHBIIOCTI-l H (|) O p NT 3A B110 - NT 3 TC NT 3 T H l I C C K O H a6CTpaKTHOCTH 
B OTpa>KeHHH aeHCTBHTeatHOCTH, Heo6xoaHMO nOCTOJIHHO nOMHHTB, HTO Bee 
nocTpoeHHJi eaMoro cy6beKTa iiocht tohbko BcnoMoraTeabHbiH xapaKTep h He- 
o6xoanMbi ToabKQ ana Hero caMoro , nosTOMy ohh aoamibi 6 bitb npeaeabHO 
npocTbi h hochtb a6coaK>THbiH He 3aBiicamiiH ot peaabHOH aeiicTBiiTeabHOCTH 
xapaKTep. Tohbko b 3tom caynae cy6beKT CMO)KeT tohho ohciihtb otiiochtchbiio 
CB oero a6cTpariipoBaHHoro Hiiixoraa He Memuomerocfl 11 He ot aero He 3aBiica- 
mero HaeaaBHoro nycToro npocTpaHCTBa . hto nponcxoaHT b OKpy>KaiomeM ero 
H3MCHfleMOM pCa.IbHOM npOCTpaHCTBe Ha HIOOBIX ypOBHJIX HHCKpCTIIOCTH H 
CTpyKTypBi ianonionomcii ero MaTepnn. Tohbko npn 3 tom OKaaceTca bo3mo>khoh 

aCHCTBHTCJIBnO OOBCKTHBIiaH OIICHKa OKpy>KaiOmeH Hac aCHCTBHTCaBIIOCTH Ma- 

TepnaabHoro Mnpa. ITpuneM MHHHMaabHo Heo6xoaHMon h aocTaTO'inoH MepHo- 
CTbio npOCTpaHCTBa b noao6HOH a6cTparnpoBaHHOH Moaean cy6beKTa aBaaeTca 
TpexKoopanHaTHaa acKapTOBaa cucTeMa H3MepeHiiH, Korapaa aerao Mo>KeT 6biTb 
conocTaBaeHa c aioSon tohkoh peaabHoro npOCTpaHCTBa. TaKHe H3aHmecTBa, 
KaK HCTBipex- nan 6oaee MepHoe npocTpaHCTBo, cymecTBeHHo ycaovKiiaioinne 
0Tpa)KeHHe cy6beKTOM oobckthbiioh aeiicTBiiTeabHOCTH, aaa cy6beKTa H3Ha- 
aaabHO 6yayT npocTO He npneMaeMbi. 

flaaee anaaornHiiBiM >Ke o6pa30M, aaa OTpa>KeHHa npoiiccca aBii/Kciiiia 
MaTcpim, Bemeci Ba h MarepiiaabHbix Tea b peaabHOM npOCTpaHCTBe cy6beKT 
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BBOPHT CBOK) CHCTGMy He CymeCTByiOIUHX B peantHOM MHpe a6CTpaKTHO OTBJie- 
neHHBix h cy6teKTHBHBix noHJiTHH ejHHHH jBHiaceHHfl. Ecnn 6i>I B OKpy>KaiOmeM 
cyoi.eKTa peantHOM MHpe Bee .ibh/Kciihh Ten h o6beKTOB 6bijih 6bi toubko npn- 
MOJiHHeHHBiMH, to Bti6op c/ihiihhbi .TBH/KcnHH Rim cy6beKTa 6bin 6bi BeCBMa 
3aTpy7iHHTejieH. O/iiiaKo, TeM He MeHee, cy6beKT rswiry vk.tcii 6bin obi b KanecTBe 
eziHHHHbi .TBHVK'cnun Bbi6paTb KaKoii-nHOo peanbiibiM npjiMOJiHHeHHO pBHVky- 
iqqncn o6i>eKT huh Teno h HcnoJii>30BaTB ero b KanecTBC 3TanoHa /urn ohciikh 
pBiDKefflin pa3HHHHbix npyrux Ten nyTeM cpaBiicin-in ObicTpoTbi H3MeHeHiin yr- 
noBbix pa3MepoB uccnc/iycMoro oorckTa no cpaBHeHHio c STanoHHbiM. Xotji 
Taxa n «c,THHHiia ,TBH>Kennsi» h He ohciib to ynooiia b KanecTBe Mcpnoii c/ihiihhbi 
(ii3-3a hcooxo/ihmocth nacTOH ee cmchbi), oniiaKo, Ha3BaB sry «e,inHnny ;ibh- 
>KeHHH» b KanccTBc «e;inHniu,i BpeMeHH», cyOBCKT BBen 6bi HOBoe nonnTue 
npHMOJiHHeiiHoro BpcMcim. OniiaKo /inn Bbi6opa c,thiihi[bi /ibh/Kciihh 6onee 
yqooiibi parnHHHbic BpainaTcnbiibic /ibh/Kciihh Ten h o6beKTOB (HanpiiMep, o.thii 
o6opoT 3eMnn oxono cBoen och h t.,t.). Bbi6paB Han6onee no/ixo/isnucc Bpa- 
iqaioiucccsi Teno 3a sTanoimoc h a6conioTH3HpoBaB ero Bpamemie npennonovkc- 
HneM, hto nHknH'inocTb ero aocomoTiio noBTopncMa, cy6beKT bbo/iht nonnTue 
«e,lHHHUI»l ,TBH/KeiIH}l», KOTOpbie H33BaHBI HM y>Ke KaK enHHHUbl (kphbojih- 
HeHHoro) BpeMeHH . Cnc/iOBaTcnbiio, noHHTiie BpeMeHH , mcpiioto bpcmciih 
ecTb TaK>Ke hhcto cy6beKTHBHbra nponykT nenoBCka, KOTopbin eooTBeTCTByeT b 
OObCkTHBIlOH /[ C ii C T B H TC JI b II 0 CT H SeCKOIieHIIOMV II 6e3MCPIIOMV [BH/KCHHIO 
CnepoBaTcnbiio, b pcanbiioH pcii ctb HTcnb 11o cth HHKaKoro BpeMeHH h ero Mep- 
hocth npocTo He cymecTByeT, a ecTb TontKo occkoiic'iiibiH npoiiccc tbhvkciihh, 

nOTHHIIHIOIHHHCH 33KOH3M npH'IHIlIIO-CnCnCTBCIlIlOH CBH3H. TaK KaK BpeMeHH 
peantHo He cymecTByeT, to ooiucnpuiisiToc onpencnciiHC. hto MaTepHH cyme- 
CTByeT b npocTpaHCTBe h bo BpeMeHH cnc/iycT cHHTaTB hhcto cy6beKTHBHbiM 
onpcneneiiHCM, MOk/iy TeM KaK /inn o6beKTHBHon oiieHKH cncpycT npaBHni.no 
roBopHTb, hto MaTepHH cymecTByeT b npocTpaHCTBe h b abhhcchhh. 

To *e caMoe ponnciio 6bitb cyienano cy6beKTOM h c bbc/iciihcm onpepene- 

HHH MepHOCTH MaTepHH HnH MepHOCTH peanBHO OHiyTHMOH ee (|)Op\IbI B BH/IC 
BemecTBa nyTeM bbc/iciihh cy6beKTHBHoro noHHTHa Maccti KaK HeKoro skbh Ba¬ 
nc iiTa KOJiHiecTBa Bemeci Ba. onpencni-m ero nocpcncTBOM H3MepeHHH HeKo- 
TOpBIX OObCkTHBIlblX (|)H3HHCCkHX napaMeTpOB, T3KHX KaK CHJia H ycKopeHHe. 
CornacHo coBpeMeHHbiM npcncTaBnciinyiM cHHTaeTcn, hto Macca KaK c|)H3HHe- 
CKan KonH'iccTBCiiiian xapaKTepncTHKa MaTepHH h KOHKpeTHoro pcanbiioro Be- 
mecTBa nBnneTcn Mepon oniioBpcMeiino t3khx h3mcphcmi>ix ee xapaKTepncTHK, 
KaK rpaBHTapHOHHBie h iiiiepuiioiniBic CBOHCTBa. CncpoBaTcnbiio, KonnHecT- 
Bcinian xapaKTepncTHKa Maccbi CTaBHTcn b npnvioc eooTBeTCTBne c KonnHecT- 
BeHHbiMH xapaKTepncTHKaMH ee i paBH iaiiHOHHbix h iiiicpuiioinibix cbohctb. 
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flonroe BpeMJi nonsunc Maccbi b KaKoii-TO dcncim ueHCTBHTeiibHO coot- 
BeTCTBOBajio onpc/icncimio KOJiH'ieciBa BemecTBa, noxa He 6 bijio ycTanorsjicno 
cymecTBOBaHne TaKHX hbjtchhh KaK ;iec|)eKi Macci.i, pejiHTHBHCTCKaa Macca, 
3JieKTpoMarHHTHaa Macca. OKaianocb, hto KaKas-To nacTb \iaccbi Mo>KeT cy- 

meCTBOBaTB B BH/IC CKpbITOH SHepTHH, COmaCHO yCTaHOBJieHHOH (|jyIT.TaVTCIT- 
T3JIBH0H B33HMOCBH3H MC'/KJiy 3IICprHCH H MaCCOH B BH/IC 3aBHCHMOCTH E = mCf. 
Tax KaK b H3BecTHOM mancm-m Macc aTOMOB CKpbiTaa ee nacTb, eooTBeTCTByio- 
maa ,iec|)eKiv Maccbi, He yinTbiBacTca. to b TaKOM ckpbitom bh/ic Macca, one- 
bhuho, y*e He onpc/iCJiflCTCsi hh rpaBiiTamioinibiMii CBOHCTBaMH, hh HHepmi- 
OHHbiMH CBOHCTBaMH. Ho b TaKOM cnyHae, b TaKOM CKpbiTOM bh.tc Macca y>Ke 
He MO)KeT cny>KHTb Mepoii KOJiH'ieciBa BemeciBa. KpoMe toto, aiiaaorn'inaa 
npoTHBopeHHBaa cHTyaipra c hcxo.tiibim nonuTHCM Mepbi KOJiHHecTBa BemecTBa 
o6Hapy>KHBaeTca h c nouBJieHHeM b (J)H3HKe TaKoro aBJieHiia, KaK 3cj)(J)eKT yBenH- 
HeHHJi Maccbi 'iacTHiibi npn yBennHemiH CKopocra ee .ibhvrxiihsi. Jlio6aa MaTe- 
pnajibiraa HacTHiia c HeH3MeHHOH nepBOHanajibHOH Maccon, T.e. c H3BecTHbiM 
KOJiHHecTBOM nepBOHanajibHoro BemecTBa, H3 KOToporo OHa coctoht, npn npn- 
Be^eHHH ee b coctoshihc jibh/Kciihji, b paMKax oomcnpunsiTbix np c.tct a b.t cn hh, 
yBenHHHBaeT cboio Maccy Tax, KaK oy.uo b 3toh HacTi-mc yBenHHHnocb KOJinne- 
ctbo cocTaB.THioiHcro ee BemecTBa. Eonee toto, nocne ycTanoBJicnnsi peanbHo- 
cth cymecTBOBaHHJi y mo6oro ,iBH>KyincrocsT lapa.ia eme h iJieKipoMaiHHiiioii 
Maccbi [1,11,21,31,32], oSna/jaiomeH tojibko iiiicpmioiiiibiMii CBOHCTBaMH 
npn nonHOM OTcyTCTBHH rpaBHTaiiHOHHbix cbohctb, cymecTByiomee po Ha- 
CToamcro BpeMeHH onpeneneHiie oosnaTCJibiioii iKBiiBajieHTHOciii nnepnnoH- 
hoh h rpaBiiTamioiinoii Maccbi h onpeneneHHe Maccbi KaK 3KBHBajieHTa ko- 
jiHiecTBa BemeciBa nonHocTbio jiiimaeTca cBoero Sbuioro (|)H3HHccKoro co- 
.icp'/Kannsi. 

3aKOHOMepHO B03HHKaeT Bonpoc, no'icviy npn onpcjicjicnnn noHsmui Mac¬ 
cbi HMeHHO rpaBHTanHomibie h Hiicpnnoniibic cbohctb a BemecTBa 6 burn npunsi- 
Tbi b KanccTBc hcxo.thoh Mepbi KOJiHHecTBa BemecTBa? KaKOBa npupo.ia sthx 
HHepiIHOHHbIX H rpaBHTaHHOHHblX CBOHCTB peaUbHOTO HeHTpajIbHOTO SJieKTpH- 
necKH He 3apn)KeHHoro BemecTBa h neM OTiiHHaioTca 3th cbohctb3 ot uncpiiH- 
OHHblX SJieKTpOMaTHHTHblX CBOHCTB C3MHX lapfl.IOB, COCTaBJIHIOIHUX OCHOBy 
CTpoeHHJi Bcex 'iacTiiii 3toto >Ke BemecTBa? Htoobi npaBHUbHo pasoopaTbcn b 
Onpe.TC.rienHH 3THX OCHOBHbIX HCXO.IHbIX nOHJITHH, IICOOXO.THMO BHOBb o6pa- 
THTbCJi k aHanH3y mhothx H3BecTHbix KaK paHee, TaK H B IiaCTOHIHCC Bp CM SI (|)aK- 
TOB. McKJIIOHHTCJIbliaH Ba>KHOCTb BOnpOCa OnpC.ICJlCHHSI nOHJITHJI Mepbi KOJTH'ie- 
CTBa BemecTBa h ee c.iHHHiibi HiMcpciinsi - Maccbi - y>KC Ha painioM 3Tane Tpe- 
6yeT cneiiHanbHoro paccMOTpcnnsi Bonpoca o cymnocTH npupo.ibi uncpm-ion- 
Hbix h rpaBHTaiiHOHHbix cbohctb BemecTBa. K co>KajieHHio, npo6neMa onpc.ie- 
neHHJi c.iHiiHiibi Mepbi KOJiHHecTBa MaTepHH HacTonbKo cno>KHa, hto Tpe6yeT 
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qocTaTOHHO /iCTajibnoro paccMOTpeHiui iicnoro pa,a a BonpocoB h nponcqcnna 
onpezieneHHtix oncno'iiibix kojihhcctbchhbix pacncTon. Hhvkc oyqyT 3aTpoHyTBi 
TOJIBKO OCHOBHBie BOnpOCBI, CBHiainibIC C OnpCPC-aCIlHCM nOHJITHJI HIlCpiIHOimOH 

n rpanuTaiiHonnoH MaccBi h bbihciichhcm hchctbutcjibiioh npupoqBi i-mcpnnon- 
hbix h rpaBHTaiiHoniiBix cbohctb MaTepnantHtix 'iacTHii. 

"CneqyeT OTMermb, hto mhothx HccJieqoBaTejieH TpeBoxaiT B03Bpa- 
iqeHiie k "npoqqeHHOMy 3Tany", T.e. k npH3HaHHio 6oJibinoH poJiH Miipo- 
boh cpeqw b cooTBeTCTBytoiqiix mhkpohb jichhux ... B qeHCTBHTejibHOCTH, 
HayKa He nocTpaqaer ot Toro, hto 6yqeT, HaKOHeq, BoccTaHOBJieHa hcth- 
Ha. Hao6opoT, BMecTe c qajibHeHimiM pa3BHTHCM Harnqx 3HaHHH, Heco- 
MHeHHO, yqacTca BbwcHHTb h Ty npHHHHy, KOTopaa coqeHCTBOBajia ycne- 
xy Teopqq A. 3HHnrreHHa (HecMOTpa Ha ee ochobhoh omq6oHHbiH Te- 
3HC)". 

ITpo<i>. T.A. JIe6eqeB. B KHHre. A. MaHeeBa "K KpHTHKe TeopiM 

OTHOCHTejIbHOCTH", 1960. 

«..B hx co3HaHHH Ha3BaHHafl cpeqa noneMy-TO accoquupyeTca c 
npemMMH npeqcTaBJicHHJiMH o HeKOTopoil rpy6oil MexaHHHecKOH cy6- 
CTaqqqq. Ohh nonaraioT, hto nepecTpoiiKa Teopqq MHKpoflBJieHHH Ha 6a- 
3e cymecTBOBaqqa MHpoBoil cpeqw yHHHTOJKHT hjih no KpailHeil Mepe 
yMeHbniHT Te noJiojKHTejibHbie BbiBoqw h npeqcKa3aHH», KOTopwe 6bijih 
cqeJiaHbi, hcxohs H3 Teopqq A. 3HHinTeHHa". 

npo(J». T.A. JIe6eqeB. B KHqre A. MaHeeBa "K KpHTHKe Teopnn 

OTHOCHTejIbHOCTH", 1960. 

4, 3jieKTpHMecKHH 3apan h 3araAOMHaa npiipona iiiicpiinii 

Be a OKpy'/Kaioniaa Hac xiaTcpua peajibHoro Miipa HMeeT qncKpcTHOc aapa- 
/ioboc cTpoeHne. Jlio6oe peajibHoe ohiythmoc HaMH bcihcctbo OKpyvKaionicro 

Hac Mlipa COCTOHT H3 OrpOMHOTO KOJTH'ICCTBa aTOMOB, a Ka>K,TBlii aTOM COCTOHT 
H3 OTpHqaTeJIBHO Bapa'/KCIIHBIX SJieKTpOHOB 3JieKTpOHHOH 06OJIOHKH H nOJIOJKH- 
TejiBHO iapavKcnnoro fin pa. EonBHie nii'icro MaTepnajiBHoro b aTOMe, Ka3ajiocb 
6 bi, hct! ripii'icM noJio)KHTeJiBHBiH sapaq aqpa jiio6oro aTOMa BcinecTBa Bccryia 
TO>KflecTBeHHO paBeH oonicviy iapaqy Bcex OTpunaTCJiBiio 3apa>KcnnBix sjieK- 
TpOHOB 3JieKTpOHHOH 060HOHKH 3TO TO aTOMa, TaK HTO CyMMapHBIH japSTT HK)6orO 
aTOMa HeHTpajiBHoro BcmccTBa, H3 KOToporo coctojit Bee OKpy'/Kaioinne Hac Te- 
jia, Bcer^a OKa3BiBaeTcn paBHbiM Hyjiio. 

TaKHM o6pa30M, bch OKpyvKaiomaa Hac MaTepua coctoht, b ochobhom, 
TOUBKO H3 OZIHHX OipiIUareJIbHblX H IIOJIO/KHTejIbHblX BJICKTpHHCCKHX Sapil.TOB 
(3JieKTpOHOB SJTCKTpOnHBIX OOOJTO'ICK H npOTOHOB fine p aTOMOB), KOTOpBie Bccryia 
CTpeMUTcu npiiTHHyTBCJi qpyr k qpyry h CKOMnencupomnib dpyz dpyza. OqiraKo 
Ha onpc.iejieimbix 6 jih3khx paccTosHinax MOK/iy pa3HOHMeHHBiMH iapapaMH 
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3THM CHJI3M npHTJDKeHHJI BCCITia HaXO/piTCfl 6oJiee MOIIUIBIC OTT3JIKHB3K>mHe 
chjibi MCVK.iy o.THOHMCimo 3ap5DKeHHMMH sippaMK, npenjiTCTByiomne hx noJiHon 
KOMneHC3UHH. FI p 13 H CM, I3pi3pO,Ba 3THX OTT3JIKHB3K)]HHX CHJI T3K>Ke flBJIfleTGfl 
HHCTO 3JieKTpHHeCKOH. T3K K3K C3M no Ce6e JIK)6 oH 3T0M JIBJMeTCJI HeHTpajIBHOH 
HaCTHHeH, TO H3 OnpC/ICUCimOM >7333011313 3p>T OT 3pyr3, 3T0MBI np3 ktH l I cckh 
H e JIOJDKHBI B33HMO,TCHCTBOB3TB CBOHMH OCHOBHBIMH 3JieKTpHHeCKHMH 33pH,T3- 
MH, MC'/KHy TeM K3K pe3JIBH0 T3KHe B33HM0,TCHCTBHS1 CVIIFCCTBVIOT. IIpHHHHa 
3THX, 3 T3K>Ke p33HHHHBIX M03CKy3HpilI>IX CHU B3ai3MO,3CF3CTBI3S3 B 3H3HHTCJIBHOH 

CTeneHH mwkct obitb o 6 ycJioBJieHa hsjihhhcm .THnonEiiBix momciitob ksk y ca- 
MHX 3TOMOB, T3K H y fl,3Cp 3THX 3TOMOB. EcJIH BHyTpH 3T0M3 (BHyTpiI eTO flflpa, 
H3npHMep) I3MCIOTCH K3KHC--3 h6o CKOMneHCHpOB3HHBie no 003,CM>' 33p?T.TBI. HO 
3TH 33pH.TBI npe.lCTaB3HIOT C 060 H C(|)Cpi3HCCKI3 IICCHMMCTpH'IIlBIC .31313031311,10 
HJIH MyjIBTIinOJIBHBie 33pHZIOBi>ie CTpyKTyptl, TO MOKTiy T3KHMH 3TOM3MH, 7(3>Ke 
H3 6 oni>moM pscctojihhh, MoryT 6 bitb cnaStie sneRTpunecKHe annontHtie h 
M yjIBTHnOJIBHBie CHJIBI npHTJDKeHHJI, 7I3/KC HeCMOTpjI H3 TO, HTO OHH OCT3IOTCH B 
o 6 meM nOJIHOCTBK) HeHTp3JIBHBIMH. 

Cne/(0B3TeiH>H0, ppa JIK) 6 bIX HeHTpaHBHBIX 3T0M3 H3 3HaHHTeJIBHOM p3C- 
CTOHHHH Tipyr OT 3p>T3, H3MHOTO npeBBIHiaiOmeM HX p33MCpBI. 13pHTHTHBafOTCH 
Zipyr k apyry He tojibko 33 cneT chji npezinoJiaraeMoro rpaBHTaiiHOHHoro B33H- 

MO.TCHCTBHa HX M3CC, K3K 3TO o6menpHHJITO CHHT3TB, HO H .31313031311,1313 H 
MyjIBTIinOJIBHBIMH 3JieKTpOM3rHHTHBIMH CHJI3MH B33HM0,3CHCTBHS1. FIpH'ICM 3TO- 
My yCJIOBHK) Cn 0 C 06 CTByeT C3M3 npnp0,33 nCpCOpHCIIT3HH13 FS3313M0.3C 13CTBy 10- 
HJHX flHnOUBHBIX CTpyKTyp T3KHM o6p330M, HT 06 bI BCCE33 00031033300, yCJIO- 
BHe MHHHMyM3 nOTeHHH3JIi>HOH 3HepTHH B33I3MO,3Ci3CTBI3>F. FTpIT npH6jIH)KeHHH 
HeHTp3JIBHBIX 3T0M0B ,3p>T K 3p)TV ,30 paCCTOJIHHH C0H3MepHMBIX C p33Mep3MH 
SJieKTpOHHBIX o6oJIOHeK H 3e(J)0pM3HHH CCjiepHHeCKH CHMMeTpHHHOH CTpyKTypBI 
HX, H3HHH3IOT StlCTpO p3CTH C13313 33CKTpi3HCCKOrO OTT33KI3B3III35F MC'/R'3y 3T0- 
M3MH y>Ke 33 CHCT rmi3M03dJCTBI3S3 HX OflHOHMeHHBIX n030VKI3TC3I,II0 33pjI}KeH- 
HBIX H,3Cp. B pC3y3IjT3TC yCTOHHHBOe p3BH0BeCHe MC/K.Ty p33H0HMeHHBIMH 
B33HM03eHCTByK>mHMH 33pH,33MI3 pC33I3IOI3 M3TepiIH yCT3II3B3I3B3CTCH BCCr33 
H3 OnpeZieneHHOM yCTOHHHBOM HeHTpaHBHOM HX nOJIOJKeHHH no OTHOHieHHIO 
3pyr k 3pyry, KOTopoe eooTBeTCTByeT ycToiiHiiBocTii onpeziejieHHOH MOJieicy- 
napHOH, 3T0MH0H CTpyKTypBI H CpC,31TCIT 33CKTpi3HCCK0H HCHTpajIBHOCTH BCeTO 
BemeCTB3 M3TepHH B IIC30M. 06menpHHJITBie nOHJITHJI rp3BI3T3IU30im0r0 13033, 
rp3BHT3HH0HH0H M3CCBI, H11C p H HO 11110 IT M3CCBI rp3BI3T3IU30IIII0r0 TC33 npHMe- 
HHMBI, B OCHOBHOM, TOJIBKO K 'OeKTpiJ'ICCKIJ IIOiapSOKCIlIlBIM TeH3M. MCC3C30B3- 
HHJI nOK33I3B3IOT, HTO B nepBOM npiJtOIIJ'/KCIIIJIJ o6menpilHJITOe nOHJITHe M3CCI3 
.HeHCTBHTeJIBHO M05KCT p3CCM3TpHB3TBCJI K3K 3KBHB3JieHT K03I3HCCTB3 BCIHCCTB3. 
HO TOJIBKO PJUL 3JieKTpHHCCKH HC3ap>DKeHHOrO, n03H0CTBK> HCHTpajIBHOTO BdUe- 
ctbs h tojibko b onpeziejieHHOH (JiopMe ero cymecTBOBaHiui. HanpiiMep, 1 kt 
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Maccti (rpanuTaiiHonnoH h i-mepnnoimoH) BemecTBa, k npiiMepy, aniOMHHHH, 
H3roTOBJieHHoro b cjiopMe Ky6a c OTnojnipoBaHHBiMH rpaHHMH, cooTBeTCTByeT 
onpezieneHHOMy 3a,naHHOMy KOJinnecTBy BemecTBa aniOMHHHa. Ecjih k 1 kt Mac- 
cbi BemecTBa anioMiimiJi npnOaBHTB eme 1 kt Maccti BemecTBa amoMHHHH, TaK- 
*e n3roTOBJieHHoro b (JiopMe Ky6a c oTnojinpoBaHHBiMH rpaHHMH (ho He coBMe- 
w,afi hx zipyr c ztpyroM rpaHHMH, hto6bi hckjiiohhtb MonexynapHtie chjibi B3an- 
MO/ieHCTBHJl), TO KOJIHHeCTBa BemeCTBa ajIFOMHHHa, KaK 3TO 0'ICBH.TIIO H KaK 3TO 
npHHJiTO CHHTaTt, YBCJTHHHTCH b ,tb 3 pa3a. OxmaKO, eenH, He Mem o6mero KO- 
jiHHecTBa BemecTBa aaioMHima b Kyoax A h 7>, o6a Kyoa tojibko cobmccthtb 
6nH>KaHmHMH apyr k apyry rpaHHMH ,no npoHBJieHHH Meatfly hhmh chji sneKTpn- 
necKoro MoneKyjiHpHoro BiaHMo/icHCTBHsi. to flame b nepBOM npHOnHmeHHH, 
HCXOflH H3 H3BeCTHBIX npCflCTaBJICIlHH [11,31], Tpy.THO y>Ke yTBepHCflaTB, 'ITO 
oomaa Macca Ky6oB ocTaiicTca npn 3 tom HeH3MeHHOH, xoth o6mee kojihhcctbo 
B emecTBa b ,TByx Kyoax, HecoMHeHHo, mohcho cnmaTB He H3MeHHBniHMCJi. Ko- 
jiHHecTBa ncxoflHoro BemecTBa b xmyx xy6ax mbi fleHCTBHTenBHO, no yenoBHio 
ontiTa, 3aBC,TO\io He mchhuh, a h3mchhjih toubko paecTOHHiie Meatfly sthmh Ky- 
6aMH. 

npn stom MOJieKyjinpHBie chubi B3aHMo/ieHCTBHH, KOTopBie no npnpofle 

CBOeil HBJIHIOTCH 3JieKTpOMarHHTHBIMH CHJiaMH B 3a H M071 C MCT B lift. KaK 3T0 Oy.TCT 
nOKa3aHO HHate, H3MeHJOOT KaK HHepHHOHHBie CB0HCTB3, TaK H «rpaBHTai[HOII- 
HBie» CBOHCTBa 3 thx Ky6oB. npaBfla, fljiH cnynaa KOHKpeTHO MoneKynnpHBix chu 
B 33HMOfleHCTBHH peajIBHOrO BemecTBa HiMCIieilHSI HHepHHOHHBIX H rpaBHTailH- 
OHHBIX CBOHCTB BemeCTBa OKa3BIBaiOTCJI HHHT05KH0 M3JIBIMH, 'ITOOBI MOVKIIO 6bI- 

jio 6bi 3aMepHTB hx KOJiHHecTBeHHo. B nacTHocTH, HanpMep, o6man sHepruH 
Beex MOJieKyjiHpHBix chu b 3 3hm ofleilc tb hh , HanpHMep, b MeTanne cocTaBnaeT 
nopuflKa 100 KKan/MonB, hto aim oflHoro rpaMMa BemecTBa stoto MeTanna 3K- 
BHBajieHTHO H3MeHeHHK> CKpBITOH HHepHHOHHOH MaCCBI (flC([)CKTy MaCCBl) BCeTO 
jihhib Ha BeJiHHHHy ~ 10~ 12 r. Ha TaKyio ate BenHHHHy, Ka3anocB 6 bi, flonatHa 
H3MeHHTBCH h o6maa nepBOHanajiBHaji HHepuHOHHaH Macca TiByx KyooB. OflnaKO 
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c Taxon tohhogtbio npriniuin oxBHBaneHTHOCTii rpaBHTaiiHoiinoii h rmcpiuioii- 
HOH MaCCBI npHMeHHTeJIBHO X CXpBITOH Macce 3 HeprHH B 3 aHMO, 3 CHCTBHa B Ha- 
CToamcc BpeMJi npoBepeH 6 bitb He Mo>xeT. 

C-BCPyCT OC060 OTMeTHTB, HTO CKa 3 aHHOe BBime npHMeHHMO TOJIBKO Him 
nacTHoro enynaa a6coJHOTHO snexTpiiHecxii HeiiTpanBHoro BemecTBa. Ilpn Ha- 
jTHHHii ace y BemecTBa HecxoMneHcupoBaHHoro snexTpiiHecxoro lapHpa, H 3 Me- 
HeHHJi HiicpiiHOimBix h rpaBHTamioHHBix cbohctb BemecTBa OKaiBiBaioTCH yace 
cymecTBeHHO 3aMeTHBiMH. HanpuMep, ecnn 06a paccvia t p hb ac mbi x Ky6a A 11 E 
noMecTHTt Meacpy oGxnapxaMH pocTaTO'ino 6ontmoro 3 apaaceHHoro miocKoro 
xoHpeHcaTopa, KaK npepcTaBneHO Ha puc. 3, h nocne nonapH 3 amiH Ky6oB snex- 
TpiiHecxne sapH.TBi BnHacanniHX npyr k npyry rpaHeii c kom n e 11 c h p o b am npoBO- 
nsimcii ncpcMBEiKoii 77, nocne Hero yopam xax nepeMBinxy, Tax h anexrpHHe- 
CKoe none xoHneHcaTopa h caM KoimcncaTop. to b 3 tom enynae o6mee xonnne- 
ctbo BemecTBa b xy6ax, cornacHO eoBpcMCiniBiM npcncTaBnciiHsiM. ocTancTca 
HeH 3 MeHHBiM. Ohwicckh mbi nepeHecnH onpcncncimoc KonnnecTBo anexTpo- 
hob npoBOflHMOCTH c onHoro xy6a Ha zipyron iinn, npyriiMH cnoBaMH, Maccy 
«rpaBHTaiiHOHHyio» A m T h Maccy «HHepunoHHyio» AaxBHBaneHTHyio o6men 
Macce A m anexrpoHOB npoBoniiviocTH. mbi nepeHecnH c oniroro xy6a Ha npyroii. 
Tax hto o6maa «rpaBHTannoimaa» h «nnepnnonnaa» Macca nayx xy6oB Beme¬ 
cTBa anioMHHHa, xa 3 anocB 6bi, no-npeaoieMy nonvxiia cocTaBnaTB 2 xr. Onnaxo, 
h pacneTaMH sto MoacHO noxa 3 aTB [11,21,31,32], pciicTBiiTcn biuih rmcpmionnafl 
Macca xaacnoro H 3 HByx xy6oB BemecTBa amoMiiHiia oxaaceTca yace cymecTBeH- 
ho 6onBiueH hx nepBOHaHanBHOH MaccBi b 1 xr, b tom nncne naace y Toro xy6a, 
ot xoToporo 6Bina sirs no B 3 HTa Macca Am snexTpoHOB. Cronano sto c TeM, hto 
npn nonBiTxe npiiBCCTH sth 3 apaaceHHBie xy6i>i b .tbii'/Kciihc, MarHHTHBie nona 
iapanoB xaacnoro H 3 xy6oB coananyT nononiiHTcnBiiBic rmcpiuioniiBic snexrpo- 
MarHHTHBie cnnBi, xoTopBie MoryT 6bitb 3 H 3 HHTenBHO 6onBiue HiiepnnoniiBix 
cnn naace peanBHO nepeHeceHHOH MaccBi Am anexrpoHOB. B to ace BpeMa, xax 
3to He CTpaHHO, o6maa unepnnoimaH Macca pByx xy6oB, ecnn hx HanaTB pbh- 
raTB onnoBpcMCimo, MoaceT npn stom 3 aMeTHO yMciiBimimcsi. 3a chct Hanunna 
Ha xy6ax A h E npoTHBononoacHBix anexTpiiHecxiix iapa.TOB (HecxoMneHcupo- 
BaHHoro nunonBHoro anexTpiiHecxoro nona) h Meacny xy6aMH 6ynyT nencTBO- 
b3tb 3 HaHHTenBHBie sneKTpu'iccKHc ckubi npiiTaacemia hx npyr x npyry. 3th 
sneKTpH'iecKHC cnnBi BiaHMopciicTBiisi yBenunaT BHyTpeHHioio ancprwo Bian- 
MO/ieHCTBHa 3 THX Xy60B E c , XOTOpOH OyHCT C 00 TBeTCTB 0 B 3 TB noaBHBHiaaca no- 
nonHHTenBHaa expBiTaa Macca A m c , cornacHO H 3 BecTHoro b (])H 3 Hxe cooTHome- 
HHa E c = A m c C 2 . Bonee Toro, ecnn paccToaHHe Meacny 3apaaceHHBiMH xy6aMH A 
h E yMeHBinaTB, npuBanacaa hx npyr x npyry He H 3 MeHaa xonnnecTBa BemecTBa 
b xaacnoM H 3 hhx, to cyMMapHaa uncpiiHOimaH Macca pbvx xy6oB oypcT h 
panBiue yMeHBinaTB cboio BeniiHHHy, Meacny TeM xax expBiTaa Macca ancprri h 
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B3aHMOjieHCTBiM A»; c oy/iCT npn stom yBenHHHBaTtca. KpoMe Toro, 3a chct Ha- 
jihhhh y Ky6oB A n E annontHtix sneRTpiiHecKiix nonen h HecKOMneHcupoBaH- 
HBIX 3 -1 C Kip H l I C C K M X lapi.lOB. B03HHKHyT CIHC 3aMeTHBie CHUBI npilTJDKCHHJI 3THX 
Ky6oB h k rpaBHTiipyiomeMy Teny 3eMnn 3a chct scJujjeKTa HHiyrmpoBaHHbix b 
TC-3C 3cm.ih 3cpKajTMiMX lapmiOB. rx'TCCTBCimaa wi.iyKHHH b npciBapiiTcibno 
HeiiTpajitHOM rpaBHTupyiomeM Tene 3epKam>HMX incKipuHCCKiix aapniOB - sto 
eme o.iiio neoTbCM-iCMOC h yniBiiTC-iBiioc cbohctbo rpaBmanrionnori Maccti, 
noiCKaibiBaiomcc HaM, hto rpaBHTaiu-ionnbic h 3nc kt poviarii ht nbie CBoiicTBa 
peantHoro BemecTBa TecHo BiariMocBinaiibi \ic>K,iy co6oh. 

H 3 nprmcicimoro npiiMepa Bin no, hto npn nepBOHanajitHO hch3mchhom 
o6meM KOJiHHecTBe BemecTBa ,iByx Ky6oB, toubko nepeMemeHiie c omoro Kyoa 
Ha ipyroii hhhto>kho Manoro KonnnecTBa sncKipiinccKiix lapmiOB omoro 3Ha- 
Ka, HanpiiMep CBOOo/nrbix sicKTponoB npoBoiiiMOCTH, h niMciienrisi paccTOJiHHJi 
MC>K,iy 3THMH Ky6aMH npMBO.iHT k iiia'iHTC-ibno 6onee laMCTiibiM rnMciienririM 
Kax rmcpiinoimoii viacx'bi Kaacioro H3 Ky6oB, Tax h pciyibiripyiomcii chubi npn- 
tjdkchhji 3thx Ky6oB k rpaBHTiipyiomeMy Teny 3 cmih. Otmcthm, hto onucbi- 
BaeMBiH Bbirne «3aMeTHBiii» scjxjieKT oGHapymiBaeTcn toibko npn hhhtcokho 
M anoM nepeHoce sneiapoHOB npoBOiHMOCTH ozmoro Tena k ipyroMy, MOKiy 
TeM Kax npn MbicncnnoM nepeHoce, HanpiiMep, Bcex sneKTpoHOB npoBoiiiMOCTH 
oniroro xy6a Ha ipyroii (pent h,ict toibko o cbo6oihbix sneKTponax npoBo.m- 
mocth MeTanna, npn 3 tom npcinonaracTCH aocoiiOTiio nicaibiiaa rnoismui 
MC/Kiy Ky6aMii!), oomai rmcpnrioimai Macca Ka>K,ioro H3 Ky6oB MO)KeT oica- 
3aTtca y>Ke Ha HecKonbKO nopniKOB 6oni>me nepBOHanantHOH hx Maccti b 1 kt. 
3HaHHTeni>Hyio BenHHHHy OyiCT HMCTb h cicpBiraa Macca siicprrm BiariMoiciicT- 
bhji pace m aTp hb ac m bi x Ky6oB. PacHCTbi noKaibiBaioT [11,21], hto sneKTpoMar- 
HHTHan rmcpiirioiman Macca Kamioro sicKTpoiia npoBoiiiMOCTH b KpncTannHHe- 
ckoh pemeTKe npoBoimiKa mwkct npcBocxoniTb McxanriiccKyio «rpaBHTaim- 
OHHyio Maccy» stoto 3-iCKTpona Ha 12-14 h 6onee nopmiKOB. T.e. rmcpiirioimafl 
sneKTpoMarHHTHan Macca toibko omoro sicKTpona npoBoiiiMOCTH b xpncTan- 
nHHecKoii pemeTice npoBoiHHica onpeieneHHOH KOHcjiHrypamiH mo)kct 6biti> 
3KBHBaneHTHa o6bihhoh MexaHHHecKoii rpaBHTarmoHHoii Macce nopmiKa ~ 10 7 
npoTOHOB. Hncpnrioimai >Ke sacKipoManirmian Macca Bcex siCKTponoB npoBO- 
IHMocth npoBoimiKa, HanpiiMep MeTannHHecKoro Kyoa, oyiCT npcBocxoniTb 
npiiMepHo Ha 5-7 nopmiKOB o6myio rpaBiiTaiiHOHHyio Maccy stoto Kyoa, T.e. 
xy6 c nepBoiiaHaibiiori Maccoii BemecTBa b 1 kt oyiCT hmctb o6myio HHepmi- 
OHHyio Maccy 6onee 10 2 - 10 4 t. Bee sto Kamcicm sociaTO'ino (|)aniacTiTinbiM, 
omaKO Bee sto nerKO npocHHTbiBacTCH KonHHecTBeHHO. Htoobi o6Hapy>KHTB 
TaKne Konoccaibiibie rinepnrioimbie cBoiicTBa sicKTpoiioB npoBoiiiMOCTH b ica- 
KOM-nn6o sneKTpiiHecKH He 3apjDKeHH0M MerannHHecKOM npoBOiHHice, nocTa- 
tohho npiiBecTii Bee 3-iCKTponbi npo b oiii mo c t ii 3Toro npoBoimiKa b nocTyna- 
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TeUBHOe PBH/KCIIHC OTHOCHTeUBHO IICnOPBH/KIlOH HOHHOH pemeTKH npOBOflHHKa, 
T.e. C03p3TB B MeTajTJTHHeCKOM npOBOTUlHKC ODBI'IIIBIH 3JI eKTpHUCCKH H TOK. IlpH 
3 tom oomaa paDOTa huh oomaa sHeprua, KOTopaa oypcT iaTpanciia Ha coipamic 
3Toro TOKa (huh o6maa SHepraa HiipynupoBaimoro MarnuTiioro nona stoto to- 
Ka), OTiieceimaa k oOiueMy KOPHHecTBy Bcex npiiBcpcmiBix b nocTynaTenBHoe 
PBIDKCHHe SJICKTpOHOB npOBOPHMOCTH npOBOPHHKa, OnpepeJIHT JjeHCTBHTeUB- 
HyiO 3(j)(|)eKTHBHyiO SHeprHIO SJieKTpOMarHHTHOH MaCCBI OPHOTO 3JieKTpOHa npo- 
BOPHMOCTH, KOTOpaa Ha PCCHTKH nOpa.PKOB OKaiBIBaCTCH OoJIBine KHHeTHHeCKOH 
MexaHHHecKOH sncprHH stoto sjieKTpoHa, onpepeuaeMOH hbbcctiibim KjiaccHue- 
ckhm cooTHomeHneM mV 2 12 (6onee noppoOHo 3cj)c|)eKTi>i hhcpuhohhoh Maccti 
paccMOTpeHti bo III nacTH paimoii khhth). Ho y/i hbhtcpb i i a a oco6eHHOCTB 
HHepUHOHHBIX OJieKTpOMarHHTHBIX CBOHCTB OJieKTpHHeCKHX 3apaPOB B peajIBHBIX 
npoBopaiunx MaTepnajiax laKJTioHacTca b tom, hto to'iiio Taxon ace KonoccanB- 
HOH 3JIOKTpOMarHHTHOH HIlCpilHOimOH MaCCOH OyPCT OO-Tap3TB H HenOPBIDKHaa 
HOHHaa pemeTKa npoBopiiHKa. Hto obi oOHapyacHTB pciicTBiie 3-ir c KTp o m a ri m t n o ii 
HHeppHH cneiiHanBiio tojibko ot hohhoh pemeTKH npoBopHHKa, hcooxophmo h 
pocTaTOHHO iianaTB OBiiraTB ee, nanpiivicp. b npoTHBononoacHyio 3-ircKTpoiiaM 
npOBOPHMOCTH CTOpOHy, npH HCnO.TBHVKTIBIX 3JieKTpOHaX npOBOPHMOCTH. TO eCTB 
COipaTB T3K0H >Ke CyMMapHBIH TOK B MeTajIJie npOBOPHHKa, KaK H npH OBH'/Ky- 
iunxca SJieKTponax HOGHTenax (bo Bcex painiBix cnyHaax pbh/Kciihc MBicPHTca 
OTHOCHTOJIBHO Jia6opaTOpHOH CHCTOMBI OTCHCTa, HCnOPBHVKHOH OTHOCHTeUBHO 
noBepxHOCTH MaccHBHoro rpaBHTHpyiomero Tena 3 cmph [2-10]). OpnaKO ecnn 
SJieKTpOHBI npOBOPHMOCTH npOBOPHHKa H HOHHyiO pciiiCTKy npoBopHHKa PBH- 
raTt opiiOBpcMcnno b opiiom HanpaBJieHHH h c opniiaKOBBiM ycKopoHHOM (cko- 
pOCTBK)), TO KOHOCCajIBHBie 3JieKTpOMarHHTHBie HIlCpiIHOIIHBIC CBOHCTB3 3JieK- 
TpOHOB npOBOPHMOCTH OyOVT nOJIHOCTBK) CK0MneHCHp0B3HBI KOJIOCCajIBHBIMH 
)Ke 3-TCKTpOMarIIHTIIBIMH HIlCpiIHOIlIlBIMH CBOHCTB aMH HOHHOH pemeTKH 3TOTO 
npoBopHHKa, h mbi 3aTpaTHM Tiicpniio toubko Ha nocTynarePBHoe nepeMemeHHe 
MeXaHHHeCKOH MaCCBI HOHHOH pemeTKH npOBO/UlHKa H 3-ITCKTpOIIOB npOBOPHMO- 
CTH. Mo>KHO CK333TB, HTO HIlCpiIHOIlIiaH 3-ITCKTpONfarilI'ITIiaH MaCCa OTpHIiaTCPB- 
HBIX 3JieKTpHHeCKHX 33paPOB aBPaeTGa BCPHHHHOH OTpHIiaTC-TBIlOH, a HIlCpHH- 
OHHaa SJTCKTpOManiHTIiaSI MaCCa nOPOVKHTCJIBIIBIX SJICKTpHHeCKHX japfl.TOB - 
aBnaeTca BeJiHHHHOH nojio)KHTeJiBHOH. Opiiaxo TaKoe pc-ireiiHC Ha OTpHiiaTCHB- 
Hyio h noJio>KHTei[BHyio HHepunoHHyio 3JieKTpoMarHHTHyio Maccy ponycTHMO 
toubko pna cnynaa bi a h m o p c ii c t b y i o i r i h x vicvKpy co6oh pa3HOHMeHHBix siieK- 
TpHHeCKHX iapHPOB. npH OTPC-ITBIIOM }Ke paCCMOTpeHHH nO-TOVKHTC-ITBIIBIX HPH 
OTpuuaTePBHBix iapapoB. HiicpnnoiiiiBic m cKTpo m ar11 hti i bi c cbohctb3 hx c[)H3H- 
HeCKH HeOTPHHHMBI no o6Hapy)KHBaeMOMy HX (|)H3H'ICCKOMy npOHB-TCHHIO. 

Bno.Tiic o'iCBHpiio, hto aocooiOTiio riO-Tiiaa KOMnciicaiiHH s.ricKTpoManmT- 
HBIX HHepUHOHHBIX CBOHCTB OTpHIiaTC-TBIIBIX H nO-TO>KHTC-TBIIBIX S-ITCKTpH'ICCKHX 
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lapaaoB BemecTBa OKaibiBacTca bo3mo>khoh toubko b tom caynae, ecan OTpima- 
TenBHBie h nonoKHTenBHtie 3apazmi b HeM nonHocTtio coBMemeHti apyr c apy- 
tom. A TaK KaK pcaabiiaa Maicpiiaabiiaa cpcaa huh aio6oe peantHoe BemecTBO 
coctoht H3 /iiiCKpcTiibix OTpimaTcabiio ii noaoacHTeabHO 3apa>Kcimbix CTpyKTyp, 
b KOToptix OTpuiiaTcabiibiii n noaoacHTeabHbiH lapaaia Bceraa npocTpaHCTBeHHO 
OT/janeHBi apyr ot apyra, o6pa3ya annoatHbie, MynBTiinontHtie chctcmbi mill 
ctjiepiiHecKii ciiMMeTpHHHtie KoaKCHajiBHtie aTOMHtie CTpyKTypti (aapa aTOMa n 
3JieKTpoHHi>ie o6oaoHKii), to cyMMapHaa aaeKTpoMarHHTHaa uncpnnoiinaa Macca 
aioooii TaKoii noanocTbio i icc ko \mcnc upo Ban no ii lapaaoBoii CTpyKTypti aioGoro 
peantHoro BcmccTBa He mojkct obitb paBiioii nyaio. 3acci> hmcctcji b Biiay. b 
tom nucae, h iapa.TOBaa cTpyKTypa Bcex HiBccnibix a.icpiibix Hacnin n HyKJio- 
HOB, KOTOpbIC T3K)Ke He aBaaiOTCa nOJIHOCTBIO 3JieKTpilHeCKH COBMCIUCHIlblMH H 
CKOMneHeiipoBaHHBiMH h o6ycnoBJiHBaioT co6oh MomHbie MyjibTiinonbHbie 
sjieKTpiiHecKHe noaa 6a h 3Koa c ii c t By i o m h x aacpni.ix cm BiaiiMoaciicTBiia. 

TaKHM o6pa30M, Koraa yace HMCioiruicca b 3aaaHH0M KoaHHecTBe, b o6meM 
HeiiTpajibHoro, BcmccTBa (huh b laaainioii hx Macce) iapa.TBi pa3,Tcaciibi apyr ot 
apyra hjih noaapH30BaHti ao jjbhoto npoaBaefflia Meacay hhmh cna aaeKTpiiHe- 
ckoto BiaiiMonciicTBua. to aaacc npn hch3mchhoh bchhhhiic o6mero kohii'icct- 
Ba BemecTBa, cyMMapHaa ancpriia B 3 a ii m o a c ii c t b ii a. Hiicpmioimaa Macca Beme- 
CTBa h CKpbiTaa Macca BemecTBa, KaK noKaibiBaioT pacncTbi, aaBiicaT ot CTeneHH 
KOHiieHTpaiiHH hjih CTeneHH pa3,Tcacnna huh noaapiiiamiH iapajiOB stoto Be¬ 
mecTBa. Ectb Bee ocnoBaima noaaran., hto tohho TaKoii ace 3aBHCHMOCTH noa- 
Bcpacciia h TaK na3biBac\iaa «rpaBHTannoimaa» Macca BemecTBa. 

OomenpuiiaTO cniiTaTb, hto Koraa paccMaTpHBaeMoe BemecTBO iiciiTpaab- 
ho (sapa.Tbi BemecTBa c kom nc i ic h po b a i r bi , HanpiiMep, ao ypoBiia vioacKyaapiibix 
cam BiaiiMoaciicTBiia) nan coctoht H 3 CKOMneiicupoBaniibix KoaKcaiaabiibix 
aTOMHBix sapa.aoBbix CTpyKTyp (cKOMnencupoBaniibic sapaaia aacKTponiibix 
ooojiohck h aaep). to rpaBHTaHHOHHan Macca paccMaTpiiBaeMoro aacKTpii'ie- 
ckh HeiiTpajibHoro BemecTBa (HanpiiMep, nciiTpajibiioro Tcaa, aocTaTO'ino H 30 - 
aiipoBaimoro ot apynix Tea), KaK 3 to npwiaTO cniiTaTb, ocnoBbiBaacb Ha mho- 
roHHcaeHHbix naGjiioacimax, Bpoac 6bi noaiiocTiao iKBHBa.ieniHa ero HHep- 
HHOhhoh Macce. H hmchho ToabKO ana 3 Toro nacTHoro cnynaa (e peanbHou 
deucmeumenbHocmu Huuozda iiiohho He KOHtnponupyeMOZo!) aonycTHMO yT- 
BepacaaTB, hto BeanHHHa rpaBHTaiuioimbix n iincpimoimbix xapaKTepiicTHK 
cBoiicTBa BemecTBa TovKaccTBcnno 3 KBHBaaeHTHa BeaHHHHe viaccbi stoto Beme¬ 
cTBa. 

Oairaxo b a c ii ct b ii Tea b ii o c t h . n sto MoacHo noKaiaTb. hto aaacc ana cjiynaa 
iiciiTpaabiioii a|)cpn'iccKH cHMMeTpHHHoii chctcmbi lapaaoB, aiiaaorimnoii 
aTOMHoii CTpyKType, cyMMapHaa iiHepiinoHHaa aa c k Tp o via r 11 h t 11 a a Macca 3apa- 
aoB aacKTpoimoii o6oaoHKii n 3apaaa aapa yace He paBHa Hyaio, xoTa 3KBiiBa- 
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neHTHOH rparsi-iTaiu-ionnoH Maccti y caMiix sthx sapnnoB nBHO He npocMaTpiiBa- 
dcn. HanpiiMep, Hiicpnnoiman aacKTpoManiHTnaH Macca japana anpa - npoTO- 
Ha (pent h,tct tojibko o aapanc!) aTOMa Bonopona, nacTH'ino SKpanupoBaimaa 
3apnnoM 3JieKTpoHHOH o6ohohkh, paBHa npuMepHO TpeM uncpiiHoniibiM sjieic- 
TpoMarHHTHBiM MaccaM CBOOoninax no3HTpoHOB (pa3Mep npoTOHa npuMepHO b 3 
pa3a MeHtnie pa3Mepa no3HTpoHa), MOKny TeM KaK peantHan rpaBHTaiiHonnaa h 
HH epunoHHaa Macca caMoro anpa-npoTona Bonopona oKaaBiBacTca 6onee hcm Ha 
3 nopanxa 6oni>me stoh viaccbi. Pac'iCTBi sth nerKO npoBonaTca b paMKax 4>op- 
MajiH3Ma noJiHoro MarHHTHoro noun H n nBiincymerocn 3apnna [1,21,30,31,55], 
paccMarpiiBan Moment aTOMa, HanpiiMep, b (])opMe 3apnnceHHoro ccjjepHHecicoro 
KOH/ieHcaTopa. Ilpn hbhvrxiihh Taxoro japavKeimoro KoirncircaTopa MarHHTHoe 
none H n nononcHTeJitHO sapa'/Kcmioro anpa-npoTona 0Ka3tiBaeTcn He paBiiBivi 
irynio tojibko BHyTpn o6i>eMa ct|)cpH'iccKoro KoirncncaTopa h cyMMapnaa jiicp- 


thji 3Toro MarHHTHoro noun OKa3tiBaeTcn paBHOH 


r^e 

H n = |H | r 0 + |H n |x 0 (2) 

h HHTerpupoBaHHe npoBonnTca ot pa3MepoB, coH3MepHMBix e pa3MepaMH nap a 
npoTOHa r n = 10~ 13 cm, no pa3MepoB 3JieKTpoHHOH oOojiohkh R = 5,3-10 9 cm. 
Bhc o6i,c\ia HHTerpnpoBaHHn (bhc o6i>eMa c(|)cpH'iccKoro KonncncaTopa) Mar- 
HHTHtie noun ot nononcHTentHtix h OTpuiiaTcnBiiBix aapanoB c([)cpH'iccKoro 
KOH/ieHcaTopa nonnocTino KOMneHcupyioTcn. Ho nna coanaiiHa siicpn-in Mar¬ 
HHTHoro noun Wh (1), JioKajiH30BaHHoro BHyTpn cc^epunecKoro KOHneHcaTopa, 
nonncHa 6 bitb 3aTpaneHa nonoJiHHTeJitHan paSoTa nnn npeononeHHn chji nonon- 
HHTeJIBHOH 3JieKTpOMarHHTHOH HIlCpHHH. HpilHHMan BO BHHMaHHe H3BCCTHOC 


paBeHCTBO 



( 3 ) 


am (1) ycTaHaBJiHBaeM npuMepHoe ToncnecTBO 

< = -L[h>=^ 
8ti J 2 


rne m n - nonoJiHHTeJiBHan sneKTpoMarHHTHan Macca 3apn.ua npoTOHa, paBHan 
npuMepHO TpeM sjieKTpoMarHHTHtiM MaccaM sneiopoHa. Ho am nononcHTeJit- 
hbix n.Tcp BemecTBa, hmckhuhx japan Ne vinoro Oontnie chhiihiibi, ktik sto bh,t- 
ho H3 (1), SHeprun MarHHTHoro noun B03pacTaeT npuMepHO b N 2 pa3. Cootbct- 
CTBeHHO b N 2 pa3 B03pacTaeT h nononiiHTcniniaa 3n c kt p o m a n i h t n a a i-mepnnon- 




4. SjieKTpH'iecKHH 3apaa h 3araaoHHaa npupona miepiWH 


631 


naa Macca 3apana aapa. HanpiiMep, ana aapana aapa c aTOMHBiM HOMepoM 
Z= 100 anc kt po m armiTiiaa 1 -mcpnnoimaa Macca aapa.na aapa (npn nonyineiinn 
pa3Mepa a .a pa r., = 9-10 13 cm h paBHOMepHoro pacnpeaencima aapa.na Ne Ha ero 
noBepxHOCTu), onpcaenacMaa pacHCTiibiM cnoco6oM, OKaibinacTca ynce paBHOH 
npuMepHo 3-10 3 MaccaM aneKTpoHOB, to ecTt b 1,5 pa3a OonBine Maccti oaHoro 
npoTOHa (hjih 1,5 3tomhoh caHiiHHhi Maccti). Konc'ino, ana a a pa c aTOMiiwM 
HOMepoM 100 aTOMHBiH Bee cocTaBnaeT nopaaKa 257 a.e.M. h aononHHTenBHaa 
Macca m„ =1,5 a.e.M. - He Taicaa ync oonimiaa Macca, ho 3aTO ynce rsnoniic peajit- 
ho nocTymiaa ana iijMcpcima h3bcctiii>imh MCTonaMii BennHnna. FIpiiHCM stoh 
M acce m n (4) cooTBeTCTByeT eme h noniiaa aiicprua saeKipn'iccKoro non a 3apa- 
aa aapa c Z = 100, T.e. 


W 


= -Lf 

8jiJ 


eUv = Q-=<W* 


( 5 ) 


OTaH'iHTcaiaiaa ocoocimocTb stoh aiicpnin aaKnionacTca b tom, hto OHa nonno- 
ctbk) aoKaai-noBaiia ToabKO BHe oOBCMa aapa h k BiiyTpeimcii ancpnin CBaan 
aapa oTiionicima. Bpoac obi. He aonncHa hmctb. 

TaKHM o6pa30M, pacncTbi noKaibinaioT, hto micpnHOimaa ancKTpo m a r i i ht- 
Haa Macca aTOMa c HOMepoM Z = 100 aonncHa 6biTb Ha 1,5 a.e.M. Oontine H3BecT- 
hoh BeaHHHHBi rpaBHTarmoHHOH viaccbi 3TOTO aTOMa. OaiiaKO 3Ta aooaBKa aBaa- 
eTca hhcto aaeKTpoMarHHTHOH i-mcpnHoimiioii Maccoii, Korapaa, cornacHO 
[11, 21] Bpoac obi He aoa>Kiia hmctb rpaBHTaniioniioro aKBHBanciiTa. BBi3BiBaeT 
yaiiBaciiHc eme tot (|)aKT, hto y aTOMa c Z = 100 h cKpBiTaa Macca BHyTpeHHeii 
3HeprnH B3aHMocBa3H ero aapa cocTaBaacT Taxace npuMepHo 1,8-1, 9 a.e.M., T.e. 
aBaaerca npaKTHHecKH coii3MepHMOH c o6napy vkhb a c mo il i-mcpnHoiinoii aneK- 
TpoMarHHTHOH Maccoii to,, BHeniHero MarHHTHoro noaa aapana aapa stoto aTO¬ 
Ma. IIoKa TpyaHO CK333TB, KaKOBa acHCTBHTcabnaa cBa3B Moray sthmh “Macca- 
mh”, oaHaKO ecTB Bee ocHOBaHHa noaaraTb, hto aiicpnia BHeniHero ancKTpH'ie- 
CKoro h MarHHTHoro noaa 3apaaa aapa aTOMa We (5), Wh (1) h cooTBeTCTByio- 
maa eii CKpBiTaa aiicpnia cBa3H, aKBiiBancimiaa 1,5 a.e.M., TecHO B3aHMOCBa3a- 
hbi Meacay co6oh. Bee 3th pacHCTbi, kohciho. npiiMepHBi, Tax KaK HeT tohhbix 
aaHHBix o pa3Mepax aaep c aTOMHBiM HOMepoM 100 (aaa ypaHa pa3Mep aapa 
npiiHHMaeTca paBHBiM 8,5-10 13 cm) h ero KOHKpeTHOH niicKpcTiioii aapanonoii 
crpyKType. Ho to, hto 3th pacncTbi acncTBHTeaBHO OTpaacaioT HaaHHHe y aio6o- 
ro 3apaaa aTOMa h ero aapa micpniioimoii an c kt po m a r i in t 11 o ii MaccBi - He bbi- 
3BiBaeT HHKaKoro coMHeHiia, Tax Kax 3HaHHTejiBHBiH 3JieKTpnHecKHH 3apaa y 
aTOMa h ero aapa aencTBHTenBHO peajiBHO cymecTByioT. Bonce Toro, nncpunon- 
Haa 3JieKTpoMarHHTHaa Macca b 1,5 a.e.M. o6a3aTenBHO aonncHa perHCTpnpo- 
BaTBca h 3 k c n c p h m c irran b n o. 
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O/UiaKO, OCHOBblBaUCB Ha H3BGCTHBIX OnBITHBIX JjaHHBIX, OmiCaHHBIX B JIH- 
TepaType, b /ichctbhtcjtmiocth jiaqqaa i-mcpnnoimaH 3 jt c kt po m a r n h t n a a Macca 
b 1,5 a.e.M. npojic 6bi 9kc n e p hmci rraji b no He oonapy'/KHBacTca KaK /lonojinn- 
TentHaa Macca paccMaipHBaeMoro aTOMa. Bo3mo>kho, hto jiannafl Macca y>Ke 
BXOflHT B H3BeCTHOe jliaHCHHC MaCCBI aTOMa, JIh6o JUIH 3TOH MaCCBI Bee )Ke eCTB 
KaKOH-TO rpaBHTailHOHHBIH 3KBHBajieHT, KOTOpblH CKpBIT nOKa 3a HenOHJITHOH 
Him Hac npupoziOH chji rpaBUTaunn h rpaBHTaqHOHHOH Maccti. 

«...TpyflHOCTH COBpCMeHHOH TeopeTHHeCKOH (J)H3HKH HOCST npHFIIIH- 
nuajibHWH xapaKTep hmchho noTOMy, hto OHa onupaeTca Ha Teopnio ot- 
HOCHTejIbHOCTH - 3Ty OCHOBHyiO (J)H3HHCCKyiO TeOpHKJ, Hapflqy C KBaHTO- 
BOH MexaHHKOH". 

A.K. MaHeeB. K KpimiKe Teopnii othochtcjibhocth. 1960 

«...Mo5kho HMeTB yBepeHHOCTb, hto aoJDKHbiii yneT MHpoBoil cpeqw b 
npoTeKaHHH cooTBeTCTByiomux MHKponpoqeccoB noMoaceT jiHKBiiqHpo- 
BaTb TaKHe ManoBepoaTHbie oco 6 eHHOCTH "hoboh <Jih3hkh", kbkhmh wim- 
eTCfl, HanpiiMep, "nacraqa - BOJiHa", "sjieKTpoH - TOHKa", pacnpocTpaHe- 
HHe CBeTa b "BaKyyMe" KaK npeqeJibHaa CKopocTb b npqpoqe h np. C jx py- 
roil CTopoHbi, nepeq TeopHeil qojDKHbi OTKpbiTbca h TaKHe bo3mojkhocth 
(npuHHMaa bo BHiiMaHiie B3aHMoqeHCTBiie cpeqw c qBiDKyiqiiMHca b Hen 
HaCTHqaMH), KaK (}>H3HHeCKOe HCTOJIKOBaHHe 33BHCHMOCTH MaCCBI OT CKO- 
pocTH, o 6 b»cqeqne B3aHMOCB«3H SHeprHH h Maccw, qocTpoeHHe KJiaccu- 
(jjHKaqHH "aJieMeHTapqwx" nacTHq qa hoboh ochobc h np.". 

npocj). T.A. JIe 6 eqeB. B kh. MaHeeBa "K KpuTHKe Teopim 

OTHOCHTejIbHOCTH", 1960. 

5. I Ipiipoia rpaBHTamiii h rpaBinamioHHoii Maccbi 

H 3 npcjiCTaBJicimoro Bbirne bh.tho, HacKOJibKO cjiojkhhm OKa3ajicji Bonpoc 
06 onpeaeneHHH, Ka3ajiocb obi. npocTeHmero noHJiTiui eriumiuhi Kojiuuecmea 
Mamepuu hjih edumiubi Maccbi ueuiecmau. OKa3ajiocb, hto hioooh sneKTpHHe- 
ckhh iapfl.T caM oonaqacT hhcphhohhbimh cbohctb3mh, ho sth cbohctb 3 cyiqe- 

CTBeHHO OTJIHHaiOTGfl OT HHepHIIOHHBIX CBOHCTB TpaBHTaqHOHHOH MaCCBI 3TOTO 
>Ke 3apa;ia. Ecjih qnepiu-ionnBie CBOHCTBa rpaBHTaqHoniioii Maccbi HBjiaioTGfl 
jiHHeHHOH (|)ynKqqeH KOJinnecTBa c/innim /lannoii viaccbr, to qncpquonnBic 
CBOHCTBa 3JieKTpHHeCKHX iapfl.TOB HB.1HIOTCH iaBC/lOMO He JiHHeHHOH cjjyHKHHCH 
ot KOJiHHecTBa CHiiniiq aapuqoB h hx paccTOJiHiui qpyr ot qpyra. KpoMe toto, 
HHepqHOHHan sjieKTpoMarHHTHan Macca aapsnoB pa3Horo 3HaKa nopo>K/iacT cmc 
OJJHH BH.T HHepqHOHHOH 3JieKTpOMaTHHTHOH MaCCBI - OipHUaiejIbHOH HHCpUH- 

ohhoh Maccbi Tiicpnin BiaiiMopciicTBusj hjih ckpmtoh ajieKTpoiviarHHTHOH 
Macci.i, KOTopyio mojkho Ha3BaTb eiqe KaK “,iec|)eKi ajieKTpoMarHMTHOH Mac¬ 
cbi”. C^eJiaHHbiii Bbirne b bibo/i. hto CKpbiTaa TJicKTpoManiHTiiaa ancprua Bian- 
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MOqdlCTBHa H COOTBCTCTByiOIHaa CH CKptlTaH SJieKTpOMaTHHTHaa Macca He 
qaavKna oOJiaqaTB rpaBiiTaquonnoii Maccoii. to sto xoporno npocac'/KiiBacTca 
npn ncxoqHtix tcopcthhcckhx nocTpoeHiuix [11, 21, 31, 32], oqnaKo tohho Ta- 
KHMH )Ke CBOHCTBaMH, KaK H3BeCTHO, OOJiaqaCT H oSbIHHaa CKptlTaH HaCTB rpaBH- 
TaqHOHHOH Maccti Hqcp BCHICCTBa B BH.TC H3BeCTHOrO 3HaHCHHH o6tiHHoro «qc- 
(j)eKTa Maccti». 06iqaa rpaBHTannoimaa Macca Bcero aqpa jnoGoro aTOMa, KaK 
3to nerKO nocHHTaTt, Bcerqa oKaitiBacTca Mcntinc cyMMapnoii Maccti Bcex co- 
CTaBJiaioiqux qannoc aqpo npoTOHOB h HeHTpoHOB Ha Bcaii'inny “cKpuTOH 
Maccbi” hjih “flei])(])eKTa Maccu”, ho npn stom penb nqeT yace tojibko o rpaBH- 
TaqHOHHOH Macce Bcero aq pa. CjieqoBaTejitHo, cKpbiTaa Macca rpaBniannon- 
iiasi h cKpBiTaH Macca 3JieKTpoMarHHTHaa, Boo6iqe to, jibho oojiaqaioT h onpe- 
qeacnnBiMH cxohchmh CBoiicTBa\m. hto roBopiiT o KaKOM-TO equHCTBe npupoqti 
KaK 3THX Mace, TaK H HCXO.THBIX HX perHCTpUpyeMblX Mace COOTBeTCTBeHHO rpa- 
BHTaqHOHHOH H SUCKTpOMaTHHTHOH. 

H3BecTHO, hto npaKTHHecKH bch rpaBiiTaquonnaa Macca Jiio6oro peantHoro 
BCHICCTBa H3 JIK)6bIX aTOMOB 3aKJIK)HeHa TOJIbKO B HX nOJTO'/KHTCJTBnO 3apSI'/KCn- 

hbix aqpax. Y'lHTBiBaH ace BtiBoqti [11, 31, 32], hto oTqejitHo sneKTpoHbi, b tom 
HHCJie sjieKTpoHti H3 3JieKTpoHHbix o6ojiohck aTOMOB, He oonaqaioT rpaBUTaqq- 
ohhbimh CBOHCTBaMH, 6 onee ooocnoBBiBacTCJi eiqe BtiBoq 06 HCKmoHiiTentHOH 
ponH rpaBHTaqHOHHOH Maccti hmchho aqep b oohich Macce BtiqeneHHoro kojih- 
necTBa BeiqecTBa. 3tot bbibo,t b paBHoii CTeneHH npn mchhm qna Bcex peantHO 
cyiqecTByiomHX aTOMOB BeiqecTBa Bcero OKpyacaioiqero Hac Mnpa. Ho b TaKOM 
cnynae npupoqa rpaBiiTaquonnoii Maccti h rpaBHTaquonnBix chu BianMoqciicT- 
bhh, Ka3ajioct 6 ti, CKptiTa b CTpyKType hmchho aqcpnoii MaTepnn BeiqecTBa. 
Hto ace TaKoe rpaBUTannonnaa Macca h SKBiiBaneHTHaa eii nncpnnonnaa Macca 
aqepHoro BeiqecTBa h KaKOBa qeHCTBHTenbHaa npupoqa chu rpaBHTaqHH? 

H3BCCTHO, HTO CaMH HyKJIOHbl TaKHCe HMeiOT BHyTpeHHIOIO aapaqoByio 
CTpyKTypy, a cneqoBaTentHO h chctcmv npocTpaHCTBeHHO pajqejicnntix 3apa- 
qoB. Hanpiivicp. OTpHqaTentHO h nonoacHTentHO iapavKcnntic |i-Me30Hti pacna- 
qaioTca Ha y-KBaHTbi h ohiih sneKTpoH huh no3HTpoH. OTpHqaTentHO h nonoacH- 
TentHO iapavKcqqtic ji-mc30hbi pacnaqaioTca Ha y-KBaHTbi h ohiih sneKTpoH hjih 
no3HTpoH. HeiiTpajitHbiH HeiiTpoH pacnaqacTca Ha npoTOH c bbicbooovkhchhcm 
o.qroro 3JieKTpoHa h t.,t. h T.n. Bo Bcex cnynaax, qaiace b aqepHbix peaKqnax, 
SJieKTpoH h no3HTpoH, Hapaqy c qpyrHMH 3apa/KcnntiMH HacTiiqaMH aqpa, Bti- 
cTynaioT Bcerqa KaK cTaGnntHtie sjieMeHTapHtie eqHHiiqbi sjieKTpuHecKoro 3a- 
paqa. Ho earn Ha Bcex ypoBHax peajitHOH MaTcpnn, KOHKpeTHoro peantHoro 
aqepHoro BeiqecTBa, hct nonHoro coBMeiqeHHa ojicktphhcckhx 3apaqoB, to to- 
rqa, KpoMe sac k t p o \i a r n ht noii HHepqiiH ot sthx 3apaqoB aqepHoro BeiqecTBa, 
KaK BHyTpn, TaK h BHe aqep o6a3aTeJitHO qonacHbi cyiqecTBOBaTt eiqe h o6bih- 
Htie CHJiti KynoHOBCKoro qiinontHoro h MyjitTHnoJitHoro 3JieKTpnHecKoro 
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B3aHM0^eiicTBHJi. Ho b TaKOM cnynae MOK.iy jik>6bimh b o6meM HeiiTpajiBHBiMH 
TenaMH, KaK Ha MOJieKynupHOM, aTOMHOM, TaK h Ha 33cpnoM ypoBHe, KpoMe 
npeanonaraeMtix chji «rpaBHTauHOHHoro» B3aHM03eHCTBH3, /iojdkhbi .uchctbo- 
b3tb eme TlonojiHHTejiBHBie TpuBnajitHtie MyntTunontHtie 3JieKTpHHecKHe 
B3aHMO/jeHCTBiM. B CBoe BpeMJi MHorHMH aBTopaMH y>Ke Bi>icKa3i>iBaiiHCB rano- 
TC3BI HHCTO 3JTeKTpHHeCKOH npiip03BI CHU rpaBHTailHH H 33CpiIBIX CHJI H, B HaCT- 
hocth, MyjiBTiinoJiBHBie 'jJiCKTpi-i'iccKHC chjibi B3aiiM03ciicTBH3 Ha 6hh3khx pac- 
CTOJIHHJIX 3C HCTBHTCJTBUG COOTBeTCTByiOT no BeHHHHHe 6-3H3K 03 C H CT B y IOIH HM 
HflepHBIM CHJiaM. Ho CCpBC3IIBIC B03pa>KeHHJI npOTHB T3KHX rHnoTe3 npHMCHH- 
TeJitHO k npHpoae rpaBHTaiiHOHHoro noun cbozihjihcb k TOMy OHeBHflHOMy c[>aK- 
Ty, hto MyjiBTHnoJiBHBie noun hmciot jibho He o6paTHO Kr^pipaTH'iiiyio 33bhch- 
moctb chubi ot paccT03HH3. Mtoobi pa3o6paTBCfl b 3toh npoGneMe H OTBeTHTB Ha 
Bonpoc, KaKOBa >Ke ^eHCTBHTenBHaji npupo/ia rpaBHTaiiHOHHoro nojia, paccMOT- 
pilM npiIMepBI B3 a IIM O 3 C M C T BII3 npOCTeHIHHX 3HnOHBHBIX CHCTeM. 

OcHOBBiBancB Ha BBiB 03 ax [11,31,32], hto nncpnnoima3 Macca 3-BCKTpOIia H 
n03HTp0H3 nOJIHOCTBK) 3-3 C KT p 0 M a T 11 IIT 11 OTO npOHCXO'/K3CIIH3 H HTO rpaBHTailll- 
OHHBIMH CBOHCTBaMH 3-3CKTpOII II n03HTp0H BOOOIIIC He 00-33/13IOT, paCCMOTpHM 
B33HM030HCTBHe B OOIIICM HCHTpajIBHOH napBI 3JieKTp0H-n03HTp0H npH MHHH- 
MajiBHBix pa3Mepax ,3iino-3biioii chctcmbi c aHanoriiHHOH b o 6 meM TaK)Ke ncii- 
TpajIBHOH napoil 3JieKTp0H-n03HTp0H ZipyrOH fllinOJIBHOH CHCTCMBI. Y 3 HBHTCJIB- 
HOe CBOHCTBO 3JieKTpHHeCKHX 3HnO-3CH B CBOOO.TIIOM COCTOUHHH, KaK 0TMCH3- 
jiocb y>Ke BBirne, 3aK.3i0HacTC3 b tom, hto ohh caMH opnciiTiipyioTC3 b npo- 
CTpaHCTBe TaK, HTO MC>K,3y HHMH B03HHK3I0T TOJIBKO CHUBI MaKCHMajIBHOTO npH- 
TJDKeHHH, hto cooTBeTCTByeT MHHHMyMy 3HepTHH B jaiiMO/iCHCTBHsi. Ho npn pe- 
anBHBix pa3Mepax ,3iino-3cii 3JieKTpoH-no3HTpoH, BnjioTB 30 pa3MepoB aTOMOB, 
CHJIBI ,3IinO-3BHOrO 3JieKTpHHeCKOrO B3aIIMO- 3 CliCTBII3 MC>K 3 y HHMH HaMHOTO no- 
pn 3 K 0 B npeBannpyioT uaji CHJiaMH npeanoJiaraeMoro rpaBHTaiiHOHHoro b33hmo- 
3eiicTBH3 hx nonHBix rpaBHTaiuioiiiiBix Macc Me>K 3 y co 6 oh. H T03BK0 npn pa3- 
Mepax 3HnO-3Cli 3-3CKTp0IM303HTp0II n0p33K3 1 0 1 ’ CM (T.e. C0H3MepHMBIX C pa3- 
MepaMH HyKHOHOB) CHJIBI 3JieKTpHHeCKOrO 3 HnOJIBHOrO B3aHM030HCTBH3 MOK/iy 
HHMH Ha paCCTOJIHHJIX C0THH-TBIC3H KH30MCTP0B 3 PVT OT 3 PVm OKa3BIBaiOTCJI 
npaKTHHecKH paBHBiMH npeflnonaraeMOMy b33hmo30hctbhio hx «rpaBHTauHOH- 
HBIX» Macc. To eCTB, CII-3BI HHCTO OJieKTpHHCCKOTO 3HnO-3BIIOrO B3aIIMo 3 ciiCTBH3 
b o 6 meM HeiiTpajiBHoro sneKTpHHecKoro 3 Hnoiui pa3MepaMH b 10 " 13 cm. c aHajio- 
THHHBIM >Ke H TO>Ke B o 6 meM HCHTpajIBHBIM 3JieKTpHHCCKHM flHnOJICM, 3 a>Ke B 
peanBHBix MacniTa 6 ax aaoopaTopnoii chctcmbi ctojib bchiikii. hto tojibko Ha 
paccTOJiHHH nopa/iKa ~1000 km 3 pyr ot 3 pyra, CHJia sjieKTpiiHecKoro b33hmo- 
3CHCTBH3 cpaBiiiiBacTC3 c npc.TnoaaracMoii cii-ioii «rpaBHTannoimoro» b33hmo- 
30HCTBH3 HX MaCC. JSflfl 3-BCKTpHHCCKOrO B3aiIM03CHCTBH3 C.TBOCIIIIBIX T3KHX >Ke 
fliinoneii (KBaflpynoneii), CHJia B3aHM03eHCTBH3, SKBHBajieHTHaa rpaBHTauHOH- 
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hoh, cooTBeTCTBeHHO oyqcT y>Ke Ha paccTOJiHiuix Ha 2-3 nopaqKa MeHbimix, T.e. 
npaKTHHecKH b peajibHbix jia6opaTopHBix ycnoBiuix. 

TaKHM o6pa30M, b o6iqeM sjieKTpiiHecKH HeHTpajibHan cucTeMa oquoro qq- 
nojia 3JiGKTpoH-no3HTpoH huh KBaqpynona (Ha TaKHX orpoMHbix paccTOHHuax 
qpyr ot qpyra h ctojib Manbix pa3Mepax aiieKTpHHecKHX qiinoneH hx BnonHe 
movkho npHHJiTb 3a HeHTpajibHbie qacTHHU BemecTBa) b 3 an m o q c ii c tb yc t tohho c 
T axon *e HeiiTpajibHOH chctgmoh qpyroro qHnoiui hjih KBaqpynoiM c chjioh 
Kaacymeroca «rpaBHTaqHOHHoro» BaaqMoqcHCTBUH hx Macc. Ho Tax KaK b Teo- 
peTHHecKOM nnaHe y>Ke oneBHqHo [11,21,31,32], hto snexipoH h no3HTpoH b 
qeHCTBHTentHocTH He HMeioT hhk3koh «rpaBHTaqHOHHOH \iaccbi» h He HMeioT 
rpaBHTaqHOHHbix cbohctb, to npqpoqa «rpaBHTaqHOHHbix chji» rnaqMoqcqcT- 
bhji b qciic tbHT cqiqio ct q HMeer Bee *e hhcto qqcKTpi-iHccKoc nponcxovKqeHne, 
jiBqMCb chjioh oGbihhoto sneKTpHHecKoro qHnoJibHoro h MynbTirnoJibHoro 
B3aHMoqeHCTBiM, Kax 3 to npeqnoiiarajiocb aBTopoM b eiqe ooqcc paqcil pa6oTe 
[2]. Hto Kacaercfl >Ke toto oncBqqiioro, Ka3ajiocb obi, (]>aKTa, hto qqqoqbiiBic h 
M yjiBTHnoJibHbie noun HMeioT ooqcc ObicTpbiii cnaq cqq B3anMoqenCTBHa c pac- 
CTOJiHiieM, neM cnjibi rpaBHTaqHH, to H3 cjropMyjibi (6) bh^ho, 

F = f m 1 m^ = Ji hm2 (6) 

R 


hto «rpaBHTaqnoHHoe» none ® qeHCTBHTeJibHO movkct CHHTaTbcn (|)yiiKnqcq 
o6paTHO KBaqpaTHHHOH, KaK 3 to h npHHJiTO CHHTaTB, ho ToqBKO npn ycnoBHH, 
hto HHepquoHHan h rpaBHTaqiioHHan Macca m 2 hbohctch npn 3 tom CTporo no- 
ctojihhoh h He 3aBHCJiiqeH ot KoopqqqaT wm KaKnx-qn6o qpyrqx ([laKTopoB 
(jryHKqueH, KaK sto runoTeTHHecKH h npeqnoiiarajiocb paHee h npoqoiDKaeT chh- 
TaTtc a b qacTOjqqcc BpeMJi. To ecTb, caMa Macca ru 2 npeqnoqaracTCH He 3aBiic x- 
iqen ot paccTOJiHHJi R MCVKqy b 3aq m oqc ii c tb yioiqq m q MaccaMH ni\ h m 2 h ot 
pa3MepoB a qqqoqbiiBix sapaqoBbix cTpyKTyp, H3 KOTopbix OHa coctoht. Ocho- 
BbiBaqcb >Ke Ha KOHqenqHH qencTBHTeqbHon jq c kt p o m a r ii q t ii oii qpqpoqbi HHep- 
qiiH h 3qc kT po m arqq t qoii npqpoqbi Maccbi [11,21] Bcex qqcKTpuHCCKHx 3apa- 
qoB, cocTaiiqaioiHux qioooc peaubHoe BeiqecTBo, KaK cnoooqiibix iapqqoii Beiqe- 
CTBa, TaK h iapaqoii qqcKTpoimbix oooqo'iCK, aqcp h BiiyTpqqqcpnoro BeiqecTBa, 
KOTopbie miqsiioTcn hbhoh c|)VHKnneii ot pa3MepoB a qmiojieii (MyjibTHnojien) 
sapaqoBbix CTpyKTyp h paccTomiiiii R Meacqy Bia hM oqe iiciBy ioiiihmh sapa- 
qavm, qncpnnoimaa qq CKTpo \i a r 11 q t ii a a Macca m 2 (6) b o6iqeM qcilTpaqbiioro 
Teqa b qeHCTBHTeqbHocTH TaKVKe qoqvKiia anqsiTbai cqovKiioil (|)yiiKnqcq KaK ot 
qiinoJibHOH hjih MynbTiinoJibHOH CTpyKTypbi aiieKTpHHecKoro noira, TaK h ot 
paccTOJiHHJi MCVKqy b3 aq vioq c ii ctb y i o i q q m q 3apqqa\iq. Ho b TaKOM cjiynae, ecsm 
cyMMapHbiH 3ij)cj)eKT b (6) OTpavKacT co6oh o6paTHO KBaqpaTHHiiyio 33 bhch- 
MocTb, to sto bob movkho ToqbKo b tom cqyHac, ecsm caMo “rpaBHTaqHOHHoe” 
none O, (6) b q c ii ct b q Tcq b ii o c t q TaKVKC He qiiqacToi ([lyiiKHHcn o6paTHO KBaq- 
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paTHHHOH, a npe.icTaBjiflCT co6oh /ichctbhtcheiioc MyntTiinoJiBHoe sjieKTpiiHe- 
CKoe none. HMeHHO TaKne npcnnoiiaraeMEic bbibo/ibi oeitih c/icnaiibi aBTopoM 
paHee b pa6oTe [2], ho tojibko Tenept, nocne ycTanoBncnna peantHOCTii cyme- 
CTBOBaHiM CKanapHoro MarHHTHoro nona n onetcTpoMarHiiTHOH npnpoztti Maccti, 
npencTaB.THCTai yace bo3mo>khbim cymecTBeHHO VTO'niHTB pamibic bbibo/ibi. 

©- ^0 

R 

Puc. 4 


PaCCMOTpHM 'IHCTO SJICKTpHHCCKOC B3aHMOpCHCTBHC /IByX OJICKTpHHCCKHX 
.Tunoneii, cocTaBncniiBix H3 TiByx nap BJicvieiiTapiibix aapanoB e + n e~ no3HTpoHa 
n 3JieKTpoHa c pa3MepaMH Yunona a n paccToaHiieM vieacny xpinonaMH R . ITpn 
pacnonoaceHHH annonen Ha oxihoh npaMon (puc. 4) CHJia sjieKTpnnecKoro B3an- 
MOTiencTBua Meacxiy xpinonaMH onpeziemiTca cjwpMyjion 


e \ e 2 | e \ e i e \ e i e \ e i 

(. R-a ) 2 ( R-a ) 2 R 2 R 2 


(7) 


XoTa bo Bcex nerapex HJieHax cnpaBa b (7) HeKOToptie 3apa,nbi e l , ef , e 2 , e 2 


cuMBonnnecKH orannaioTca npyr ot npyra, KOJiH'iccTBcimo Bee ohh hmbfot onny 
n Ty ace Bcnn'inny. FIosTONiy. b npHiinune, Bee sneRTpunecKne 3apa;u>i MoacHO 
BBiHecTH 3a o6myio CKo6Ky, ho hto6bi 0Tpa3HTb chmbojihhcckh npoTHBononoac- 

HBie 3apa/(Bi oxjhoto ef~ h xtpyroro zpinona, npe^CTaBHM 3anncb (7) b BH/je 


F = 


1 


- + - 


1 


1 1 


{R-a ) 1 (R + ay R~ R 


(e, + )(e 2 )• 


( 8 ) 


OyiiKHHa b KBanpaTiiBix cKo6Kax aBJiaeTca aBHO 6bicTpo cna/iaiomcii He o6paT- 
HO KBajipaTHHHOH 3aBHCHMOCTBK). KpOMe TOTO, aBJiaeTCa OHCBH.THblM, 'ITO CHM- 


BOJiHnecKne 3apaj(i>i oxihoto e x h xipyroro e 2 4Hnona, b OT^entHOCTH npexi- 
CTaBjTfllOIIIHX B o6meM HeHTpajIBHBie CHCTCMBI HUH HeHTpajIBHBie HaCTHHBI, B 
exp bitom bh.tc aBHO aBJiaioTca 3aBHcamHMH ot pa3Mepa Yunona a h ot paccToa- 
Hiia vicacpy xpinonaMH R. xoTa H3 caMoro BH/ia chmbojihhcckoh 3amicH stoto 
noxa He bh.tiio. O/niaKO. c .ipyroii CTopoiiBi, 3amicb (8) CTana o'iciib noxoacen 
yace Ha 3anHCB (6), KOTopon MoacHO npH/iaTB cxoaaiH bh,t 

/ 


F = 
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(m l )(m 2 ) ■ 


(9) 
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H 3 cpaBHeHHJi (8) h (9) biitiiio, hto ecnH b (9) Maccti m i h m 2 hbjimotgh nocra- 

JIHHBIMH BeHHHHHaMH, TO HX CHMBOJIHHeCKHe aHajIOTH B (8) HBJIJIIOTCJI CKptITtIMH 
(jiyHKUHJiMH ot (R, a). Mtoobi iicnpaBHTt 3 to HecooTBeTCTBue, 3anniueM cne- 
.nyiomne (jiopMynti nepexo^a Me>K^y (8) h (9): 


R 2 


m, = - 


a 

1 1 
- 3 “ + - 


e l 

i(M’ 


(10) 

H— 
e 2 

2 ( R , a ) ’ 


(11) 

1 1 

a 2 2 (R,a). 

(12) 

) 2 R 2 R 2 


IIpn oqmiaKOBtix pa3Mepax .TiinoJicii h oqmiaKOBBix BenHHHHax Maccti ni\ h m 2 
K03(J)(J)imneHTti nepexo^a ai(K,a) h a 2 {R,a) OKa3tiBaioTCJi paBHtiMH apyr apyry. 
noacTaBJiaa b (jiopMyny (9) cooTBeTCTByiomne hjichbi (10)—(12), mbi ot o6iqe- 
npHHUToro npeacTaBneHiui B3aHMOZ(eHCTBHJi rpaBHTaqHOHHtix Macc m t n m 2 
HeiiTpajitHtix affliontHtix chctcm nepexoziHM k cjiopMyne (8) hhcto sneKTpuHe- 
ckoto B3 a hm o, t ciic tr iisi 3neKTpn'iccKHx sapsiqoB cocTaBJiflioiqiix qanntic Heii- 
TpantHtie /iimonii. Ecjih saniicaTt (jiopMynti o6paTHoro ncpcxo/ia ot 3JieKTpn- 
necKoro B iaiiMO.TciicTBiisi k “rpaBHTaiuioimoMy” b bii.tc 


m l a. x {R,a ), 

(13) 

m 2 a 2 (R,a), 

(14) 


1 1 1 _ 1 

( R-a ) 2 (.R + af R 2 R 2 

to oco6eHHo 11anoni io bii.tiio. hto o6paTHo KBa/ipaTH'iiian 3aBnciiMocTt «rpaBH- 
TaUHOHHOTO» B 3 a II M Op CHCTBH5I T p a 11C (|)0 p M H py C T C 51 B He o6paTHO KBa.TpaTH'IIiyiO 
3aBHCHMOCTt 3JieKTpnHecKoro xqinontHoro rraiiMO/iciicTBiisu ho npn 3 tom no- 
CTOJIHHtie Maccti Wl\ H m 2 TpaHCCjlOpMHpyiOTCH B CHMBOUHHeCKHe Maccti C HBHOH 
3aBHCHMOCTtio ot (R. a), KaK h npezinojiaranoct paHee b (6). HeTpy/iiio noica- 
3aTt, hto c noMomtio (jiopMyn nepexo/ia (13)— ( 15) mo>kho ot cjiopMynti (8) hhc¬ 
to sjieKTpHHecKoro BiaiiMo/iciicTisiisi nepeiiTH k tjjopMyne (9) BiaiiMo/ieiicTBiisi 
rpaBHTauHOHHtix Macc. Mo>kho noKa3aTt, hto cxoiacne c|)yiiKnnn ncpcxo/ia (10)- 
(12) h (13 )—( 15) MoryT 6 bitb nonyneHti h rjul jiio6oh zipyroii KOHfjmrypaiiHH 
ZliinontHtix chctcm npn jiio6oh hx opiieHTaqHH. H 3 cjiopMyjiti nepexo/ia (15) 
JierKO yCTaHOBHTt Btipa>KeHHe RJIfL K03(|)c|)HqHeHT0B B33HMOCBH3H a\(R,a) II 
a 2 (R,a) mC/KT iy “rpaBHTannonntiMii” MaccaMH ni\ h m 2 h chmbouhhcckhmh 3apn- 


/ 


R~a[ 2 (R,a ) 


(15) 


TiaMH e\ h e 2 b Bime 
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H3 KOTOpOrO BH.TIIO, HTO 3TH K03(|)(|)HHHCnTbI npenCTaBnHIOT C 060 H TeCHyiO 
B3aHMOCBfl3b MC'/K.ny o 6 paTHOH KBanpaTHHHOCTblO “rpaBHTailHOHHOro” B33HMO- 
neHCTBHJI H He o 6 paTHO KBa.TpaTH'IIlOH 3aBHCHMOCTBK) fllinOUBHOrO (h MyjIBTH- 
nonBHoro) sneKTpiiHecKoro B3aHMoneiicTBH5i. 

JJm oonbincii yocnirrcnbiiocTH paccMOTpuM eme o.nno onciib HHTepecHoe 
CBOHCTBO HI060H (JiyHKUHH noTeHHHanbHoro UeHTpajIBHO-CHMMeTpHHHOrO nOHH, 
K KOTOpOMy OTHOCHTCJI H H3BeCTHOe rpaBHTaHHOimOC none. H3BeCTHO, HTO CHna 
“rpaBHTauHOHHoro” B3aHMoneiicTBHJi nsyx c<J)epHHecKHX Ten c Maccoii ni\ h m 2 c 
paBHOMepHo pacnpcnenciinoii b ootcmc nnoTiiocTBio. h naxonsnunxcn Ha pac- 
ctohhhh R npyr ot npyra. ToncnccTBcimo paBHa cnne BsanMonciicTBUJi sthx >Ke 
Mace npn nonymeni-m. hto Bee sth viaccbi cocpenoTOHcnbi b tohkbx Ha paccTon- 
hhh R npyr ot npyra. To cctb, paivicpu Tena npn nponopnnoiianiniBix ero H3- 
MeHeHimx h npn HeH3MeHHOM snancm-m b 3anxio.n c ii c t b y i o i r i h x Mace, He H3Me- 
hjoot pe3yni>THpyiomeH cnnsi BiaHMonciicTBun vicncny TenaMH. npumiMan bo 
BHHMaHHe 3 tot OHeBHnHtiH (j)aKT, nonpo6yeM onpenenHTt, cornacHO (JiopMyne 
(8), cuny BiaHMonciicTBHn nncKTpn'iccKHX sapanoB nunoncii c pa3MepaMH a h 
npn paccTonHira \icvKny hhmh paBHOM R, c cnnoii BiaHMonciicTBun sthx >Ke ,nn- 
noncii, ho HMeiomux b nfia pa3a 6oni>niHe paivicpbi 2a h naxonamuxca npyr ot 
npyra Ha ns a pa3a 6onbineM paccTonHHH 2 R. /(ance 6e3 Hcnonb30BaHHn (JiopMyn 
nepexona ( 10)—(12) h (13)—(15), Heo)KHnaHHO o6Hapy>KHBaeM, hto npn yBenn- 
neHHH paccTOJiHHJi Me>Kny nunonaviH b 2 pa3a cnna B3aHMonencTBHJi Me>Kny 
sneKTpHHecKHMH niinonaMH F 2 yMeHbmaeTcn Tontico b 4 pa3a: 


( R-af (R + aY 


- -T~-T e i + (R,a)e 2 ( R,a ), 




4\(R-aY (R + a) 


- T - T e^{2R,2a)e + f{2R,2a), 


rne e\ ( R,a ), e\ ( R,a ), e\ (2R,2a), e 2 (2R,2a) - 3apnnbi nnnonbHbix 
cTpyKTyp, iaBHcniHHc ot pa3MepoB ni-i none ii a h 2 a h paccTosninn R h 2 R Me>Kny 
hhmh. ITpn yBenHHeHHH paccTonHHJi R Me>Kny nunoninibiMH encTCMaMH b 2 pa3a, 
T.e. no 2 R, h onHOBpeMeHHOM yBenHHeHHH pa3MepoB nnnoneii ot a no 2a, bbi- 
pa>KeHHJi b KBanparabix CKo6Kax b 3HaMeHaTennx {2R-2a) b c|)opMyne (18) He 
MeHjnoT CBoero BHna 2(R - a) n ocTaioTca TOVKnccTBcnnbiMH sthm >Ke Bbipa>KC- 
HHJIM B (17), HTO naeT B03M0>KH0CTb K03(|)c|)HHHeHT H3MeHeHHJI 1/4 npOCTO BBI- 
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Hecra 3a 6oni>mHe KBanpaTiiuc cko6kh. HecMOTpa Ha to, hto (jiyiiKHHH b 6ojii>- 
ihhx KBa/ipaniMX cKo6Kax mbhmiotcm mb no He o6paTHO KBanpaTHHiiBiMH 33 bhch- 
MOCTJIMH, CHUa B3aHMOZieHCTBHJI MOKfly HHnOJMMH (17) npH H3MeHeHHH pac- 
ctojihhji MOKny hhmh b Ba pa3a yMeHtniaeTca tojibko b 4 pa3a (18), to ecTB b 

TOHHOM COOTBeTCTBHH C o6paTHO KBaqpaTH'IIlOH 33BHCHMOCTBK). CHJia /IHnOJlb- 

hoto B3aHMO/ieHCTBHJi F 2 (18) c noMomtK) cjropMyji npeo6pa30BaHHJi (13)—(15) 
MO>KeT 6 bitb npeo6pa30BaHa k mny (9) Him HeH3MeHHtix wancm-m BaaiiMO/icii- 
CTByiomux Macc ni\ h m 2 , ho npn yMCiiBmciniBix b ,TBa pa3a pa3Mepax sthx Macc. 
nponopuHOHantHoe *e yMeHbnieHHe pa3MepoB Macc b 2 pa3a, no npi-miu-iny 
no/io6HM, 3KBHBajieHTHo yMeHBHieHHio Bcex cocTaBnaiomux Teno sneKTpiiHe- 
ckhx m-moneM Tonce b Ba pa3a, hto He /lon'/Kiio npuBecTH, KaK oTMenanoct bbi- 
Uie, K H3MCHCHHIO BeHHHHHBI CHUBI BjaHMO/ICHCTBHM MCVK.Ty 3THMH MaCCaMH. 

TaKHM o6pa30M, MO)KHO, IiaKOHCH, CTlCnaTb OKOHHaTenbHblH BbIBO/I, HTO 
BBicKa3aHHBie paHee npennono'/KeiiHH o hhcto oneKTpiiHecKOH npuponc rpaBHTa- 
iiHoimoro nona [2] hchctbutchbiio Hamnn CBoe nonHoe no.TTBcpvK.TCime. Eonee 
toto, 6bictpbih cna/i cyMMapHoro oneKTpHHecKoro nona xinnontHbix h MyjiBTH- 
nOUBHBIX 3apM,TOBBIX CTpyKTyp /ICHCTBHTCJlbHO KOMnCIICHpyCTCa aHajIOTHHHOH 
SticTpo cnanaiomcii (jiynKUHCH unepnHoimoH an c kt p o m a r n h t n o il Maccti ,th- 
nonbHoro h MynBTiinontHoro nona sthx ace 3apa.TOBi.ix CTpyKTyp. Ha ocHOBa- 
HIIH BBIHieH3JIO)KeHHOrO, Tenept M05KH0 CO Been OTBeTCTBeHHOCTBK) jaMBHTB. 

HTO HHKAKOrO OCOBOrO rPABHTAHHOHHOrO nOJIH B nPHPO- 
flE BOOBIIIE HE CYmECTBYET!!! To, hto na3i.iBa.Toci. “rpaBHTapHOH- 
hmm nojieM”, b fleiicTBHTejibHOCTH npeACTaBJiaeT codoii oSbiHHoe cyMMap- 
Hoe MyjibTHnojibHoe B3aHMOfleiicTBHe Bcex cocTaBJiHiomHx Jiio6oe Teno 
TJieKTpHnecKHx 3ap«AOB, hto, HCCOMHCHHO, peajibHo cymecTByeT h paHee 
HHKeM He yHHTbiBajiocb no npnHHHe npe3MepH0 cjioskhoh CTpyKTypbi ttoto 
nojiH. Kohchho, b o6iqeM cnynae iicooxohhmo eiqe yn-iTbiBaTb h chjibi ^nnonB- 
hoto h MynbTHnonbHoro MarHHTHoro bb a h m o /i c il c t b h a Bcex cocTaBJunomux nio- 
6oe Teno sneRTpiinecKiix sapanoB, hto qacT bobmovkiioctb Hccnc.ro Ban. yace /ih- 
HaMHHecKHe mbhciihm bo BiaHMO/ieiicTHH «rpaBHTanHoniiBix» Macc. H bot toub- 
ko Tenept, ocHOBbiBaacb Ha npcrcTaBncnnax .tchctbutchbiioh m e k t p o m a r ii h t - 
HOH npHpOHBI rpaBHTaiiHH. M05KH0 0C03HaHH0 H3yHaTb ,THIIaMH'ICCKHC MBJTCIIHM 
Tax Ha3biBaeMbix «rpaBHTanHoiiiiBix bohh» h cnoco6ax hx rciicpaniiH h pcrucT- 
paijHH. MoacHo npc.TBH.TCTB Tenepb h ovKi-maTB otkpbithh npyn-ix hobi>ix mbhc- 
HHH B HayKe O «rpaBHTailHH» KaK HCKyCCTBeHHblX KOCMHHeCKHX OObCKTOB b 

6nH>KHeM KocMoce, Tax h b «rpaBHTaiiHH He6ecm.ix Ten» b couhchhoh chctcmc 
h b rjio6ajiBHOM MaciHTa6e npiiMeHHTenbHo ko Been BceneHHoil. 

Y Ka'/K/ioro MoaceT cpa3y ace B03HHKHyTb Bonpoc, HyacHbi jih h yMecTHbi nn 
3/ICCb CTOJIB KaTerOpHHHbie yTBCpVK.TCHHM. HTO i paBHiailHOHHOI O nOJIH KaK 
TaKOBoro Boo6me He cymecTByeT?! Cpa6aTbiBaeT Tpa/iHiiHoimaa HHepqua 
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MBinraeHHJi, h npoflBnmoTCfl oneMeHTBi oomenpi-msiToro “i/iopoBoro” KOHcepBa- 
TH3Ma. TeM He MeHee, Ha ocHOBe unHTenBHoro h ray6oKoro aHanroa cjiyHnaMeH- 
T3JIBHBIX OCHOB COBpeMeHHOH (j)H3HKH, a TaiOKe HHTyHTHBHO H, KaK TOBOpjIT, 
noncoiiiaTcnbno 'iyriCTBycTCJi. hto /lainibic KaTcropuHiibic yTBcpvKncnHa xbjih- 
iotcii BnonHe cbocbpcmciiiibimh h, caMoe rnaBHoe, KpaiiHe iicooxo.ihmbimh. 
Toubko nepemarHyB Ha cnc/iyioiiu-ni. hbho yace o6Hapy>KHBaiomHHCJi h bo mho- 
tom y*e npoflBmnomuilea py6e>K noinanufl. mbi CMOiKeM, iraKoncii, hokohhhtb 

CO MHOTHMH CTpaHHOCTJIMH, TpyUHOCTJIMH, napa/lOKCaMH H npOTHBOpeHHflMH B 
COBpeMeHHOH (j)H3HKe. JlK)6Bie nOnBITKH aBTOpOB, npHBep>KeHHBIX K CTapBIM 
yKopeHHBniHMCH npencTaBneHiuiM, ncxaTB onjiTB KaKHe-nnGo KOMnpoMuccHBie 
pemeHHa, c nonBiTKaMH ocTaBHTB oirinoo'niBic npencTaBneHiui o "rpaBHTaiiHoir- 
hom none" h "rpaBHTannoiinoii McxaiiHHCCKoii Macce", flBnnioTCfl npocTO 6ec- 
nepcneKTHBHBiMH. Toubko npn KapnHiiajibnoii jtomkc yKopcnuBinuxcsi npc/i- 
CTaBJieHHH OTKpOIOTCH. IiaKOHCH, nepCneKTHBBI n03HaHHJI PCiiCTBHTCnBIlOH npn- 
poziBi rpaBHTaijHH h pi c ii c t b m tc n B ii o ii BceoGmeil oOBcnHimomcii cymHocTH Ma- 
TepnajiBHOH cpc/ibi (|)H3H'iccKoro BaKyyMa. B nacToamce BpeMH Tpyniro noKa 
onpenemiTb ncHCTBiiTcnbiibiii bhh cbh3h Bcex cocTaBnsnomux nioGoe Teno sneK- 
TpHnecKHX iapapoB c MaTepnajiBHOH cpcnoii c|)H3HHCCKoro BaKyyMa no npn'iniic 
HencHocTH KOHKpeTHOH cTpyKTypBi pacnpencnennH aapsnoB b aTOMax, b a/iep- 
HBIX 'iaCTHIiaX H PCHCTBHTCnbllbIX HHepHHOHHBIX CBOHCTB CaMOU Cpe.IBI <j)H3H- 
'lecKoro BaKyyMa, ho onpenencniibic h BnonHe o6ocHOBaHHBie bbibo/ibi y>Ke 
npocMaTpiiBaioTcn pancc npn o6meM aHanH3e KOHKpeTHBix cbohctb stoh cpc/ibi. 

Ilocne ycTaHOBneHim hcthhhoh npuponBi “rpaBHTaiiHOHHoro” nonn, eme 
6onee irco'/KH/ianiibiii bbibo/i oGHapyrniBaeTcn b noHHMaHHH pic hctb men b noii 
(J)H3HHecKOH cyimiocTH BBcncimoro paHee hc-tobckom ncxo/inoro noHjmifl e/iii- 
hhhbi KonnnecTBa MaTepnn iinn cmiimiibi MaccBi. PIpoKnc Bcero, oiicno'nibic 
pac'icTbi iicovKHpaniio o6Hapy>KHBaioT, hto onpcncnniommi (JiaKTopoM b HBne- 
hhh HHepuiiH h “rpaBHTaijHH”, no KOTopBiM mbi KaK pa3 h onpcncnnnn KonnHe- 
CTBeHHyio BennHHHy MaccBi, nBnneTcn He caM cjiaKT cymecTBOBaHiin iapnpioB h nn 
hx Mace b o6BeMe, b kotopom ohh 3aicnioHeHBi, ... a TonBKo caM cjjaKT cynjecT- 
BOBaHHn b npocTpaHCTBe OKono b 3 a hmo,t e ii c t b y i o i r hi x lapunoB MaiepiiajibHoii 
epe.jBi c|)H3H'iecKoro BaKyyMa h tuteuntitx nojieu out 3 mux lapjtdoe. IlepBO- 
npHHHHa HHepijHH h rpaBHTaijHH MaTepnanBHBix HacTim OKa3anacB BOBce He b 
K onnHecTBe MaTepnanBHOH cymHocTH (KonnHecTBe BemecTBa, MaccBi) 3aKnio- 
neHHOH BHyTpn o6BeMa pianiibix MaTepnanBHBix nacTHii, a bo BiaHMoneiicTBHH 
BHeiHHHX aneKTpiiHecKHX (MarHHTHBix) noncii sthx HacTim c OKpyvKaiomcii hx 
cpezioii (J)H3HHecKoro BaKyyMa. Cnna «rpaBHTaiiHOHHoro» B3aHMOneHCTBHn h 
HH epiiHOHHOH MaccBi b cjiopMynax (17) h (18) onpeaenaioTcn TonBKo c yneTOM 
BHeniHiix, no oTHOHieHHio k BHyTpeHHeMy oGneMy caMHx HacTim, sncKTpii'ie- 
ckhx h MarHHTHBix noncii. OKa3anocB, hto npiipona iiHepiinn n «rpaBHTaiiHH» 
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peajitHoro BemecTBa oOycnoBneHa BOBce He cax-ioM xiaccon peantHtix Marepn- 
anBHBix 'iacTHii MaTepnn b cymecTByiomuM hx o6i.eMe - Monexyn, aTOMOB, 
3JieKTpOHOB, n03HTp0H0B, npOTOHOB, HeHTpOHOB, HyKJIOHOB H T V T., nCHCTBH- 
TeJIBHOH npHpO.Tbl KOTOpOH MBI CIHC He 3HaeM, a HCKJHOHHTeUBHO BHeniHHMH 
nOJI^MH 3THX HaCTHH H M3TepHajIBH0H CpC,30H npOCTpaHCTBa OKpy>KaK)meH 3TH 
qacTHijbi, to ecTb cpcnoii (|)H3H'iccKoro BaxyyMa BHe o6neMa nannwx xiaTcpn- 
anBHbix nacTnn. ijannbiii nconcnnannbni bbiboh nonHOCTBio noMaeT yxopeHHB- 
iiihcch npencTaBneHHa o cnnnnnc xonnqecTBa BemecTBa h c.thiihiic xiaccbi Be- 
mecTBa, hto micpiiHonnaH h «rpaBHTannonnafl» Macca Ten, Monexyn, aTOMOB, 
nncpnbix HacTHH iaKnioncna toubko BHyTpn oOneMOB sthx Ten, Monexyn, aTO- 
mob, nncpninx 'iacTHii. B nciic tbHT cn b no cth, nance nn» nneanbnoro ynoMHHae- 
Moro Bbirne nacTHoro cnynan xancymerocn coBnaneHiin HHepmiOHHOH h «rpaBH- 
TauHOHHOH» xiaccbi nomiocTBio ncHTpanBiioro BemecTBa, «rpaBHTannonnbic» h 
HH epunoHHbie xapaKTepucTHKH BemecTBa, xax sto oncnunno h oinno yncc noxa- 
3aHo BBiinc, He MoryT cnyncuTB Mepoii KonnnccTBa stoto BemecTBa, onpcncnne- 
moh BenHHHHOH \iaccBi 3 to ro BemecTBa. /l,CHCTBHTenBiian npnpona Hncpunn h 
«rpaBHTamiH» OKaaanacb HaMHoro cnovxnee, neM npcncTaBnani-i ee paHee. E,th- 
Himen KonHnecTBa MaTepmi xionccT nBnnTbcn TonbKO Ta MaTcpnanbnaH cyiq- 
hoctb, KOTopan jaxnioncna b BbinencnnoM oOneMe BemecTBa nnn b o6i>eMe nac- 
Tim h KOTopan o6ycnoBnHBaeT cboh BHeniHHe anexTpHnecxne h xianiHTnbic no- 
nn. A Tax xax BHeniHHe sncKTpH'iecKHC h xianiHTnbic non a BHe o6neMa xiaTcpn- 
anbiibix nacTnn (BHe nncp) HBnsnoTcn jaBHcsniinxiH ot cTpyKTypHoro pacnpenc- 
nefflin iapnnoB BiiyTpn 'iacnm h hx nHnaxiHnccKHx nponcccoB. to 6e3 inannsi 
3THX CTpyKTyp H ,THII3XTH l I CCKHX npOIICCCOB MBI nOKa nHHieHBI B03M05KH0CTH 
ycTaHOBHTB tohiivio KonnnccTBcnnyio B3an\iocBH3b xicncny BHeniHHMH nonuxin 
xiaTcpnanbiibix nacTnn h nciicTBUTcnbiibixi xonmecTBOM aaKnioncnnoii BHyTpn 
o6BeMa nacTim xiaTcpnanbnoii eymHOCTH. A cncnoBaTcnbiio, nance Ha nacTon- 
meM 3Tane mbi He MonceM eme noxa onpenenHTB h enHHimy xonnnecTBa Beme¬ 
cTBa Hnn cnniinny KonnnccTBa MaTepnn. Htoobi yocnnTboi b stom, paccMOTpiiM 
eme HecxonBxo HarnanHBix npiiMepoB. 

BnexTpHHecxHH 3apnn anexTpoHa e b oxpyncaiomeH ero cpene <J)H3HHecxoro 
BaxyyMa co3naeT anexTpiiHecxoe none E, non nencTBiieM xoToporo cpena (J)H3H- 
nccKoro BaxyyMa OKaibinacTCfl b nonapniannonnoxi cocTosninn. npii'icxi Ha- 
npjinceHHOCTB anexTpHnecxoro non a E Ha paccTosnin n R ot sapnna anexTpoHa 
[25,31,32] 

E(r) = 4jia 0 (r) (19) 

nrinncTcn (|)ynKnncH noBepxHocTHon nnoTHocra iapnnoB BaxyyMHon cpcnw 

gp 

4 kR 2 


°o( r ) = 


( 20 ) 
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Ha ct|)cpc pannyca R. Ha KOTopon onpe/ienucTCfl nanpsivKennocTB sneKTpiinecKO- 
ro nonn E (19). SHepriui W E sneRTpimecKoro nonn E (19) 3apjma e b peantHOM 
npocTpaHCTBe nonynaeT TpuBHajitHyio HiiTcpnpcTanHio KaK pa6oTa nonnpH3a- 
UHH cpe^ti (J)H3HHecKoro BaKyyMa 

00 2 

W E =^Ee 0 dr = ~. ( 21 ) 

2 J 2 r 0 

'o 

Bbipa’/R'CIIHC (21) nOJIHOCTBIO 3KBHBaJTCIITIIO H3BGCTHOMy BBipa'/KCIlHIO 3Hep- 
thh W' E 3JieKTpHHecKoro nona E 3apjma, 3annci>iBaeMoro b o6menpiiHnTOM Biiae 

2 

W'e = ^~ (e 2 c/V= ( 22 ) 

on J 2 r 0 

V 

h HHTepnpeTupyeMoro KaK siicprua iieKoil caMocTOATentHo cymecTByiomeil b 
aoconioTiio nycTOM npocTpaHCTBe cyocTanm-m sneRTpunecKoro nona E, o 
CTpyKType KOToporo Boo6me iiH'icro onpencncimoro CKaiaTB Henb3a. 

TaKHM o6pa30M, sncprua sneRTpimecKoro no.ia sneKrpoHa IF/.- (21) oKashi¬ 
na ctc si ji0KajiH30BaHH0H noJiHOCTBio BHe o6beMa MaTepnajitHOH 'iacTHiiu sneK- 
TpoHa, to ecTt KOHKpeTHo b oKpyncaiomeil ero cpe^e c|)H3HHecKoro BaKyyMa. 
Ecjih k 3JieKTpoHy npnnoacHTb sneKTpHHecKyio cuny h ycKopiiTb ero ,no CKopo- 
cth V. to coricpmacMaH npn 3 tom pa6oTa A h.tct He Ha npunanne khiicthhccko il 
3HepniH W K npeztnonaraeMOH “rpaBHTauHOHHOH Macce” m (l sneopoHa, noKann- 
30B3HH0H, eCTeCTBeHHO, BHyTpil o6beMa SJieKTpOHa, KaK 3TO o6menpHHJITO CHH- 
TaTB, a Ha ,TC(|)opMaiiHio hmcioiiichcsi yace OKono sapn.Ta c(|)cpH'iccKH chmmct- 
pHHHOH CTpyKTypti nonapii30BaHHoil cpe^ti (j)H3HHecKoro BaKyyMa, hjih, .npyrn- 
mh cnoBaMH, Ha co3/iaHHe nonHOH 3HepniH flByx TiraoB MarmiTHbix noneil sneK- 
TpoHa 

w£=±lnlJV."iAA, (23) 

8ji J 2 

V 

r^e 

H n = |H j_ |r 0 + |Hn |x 0 . ( 24 ) 

H .tchctbhtc.tbiio, 3aTpaneHHaa Ha ycKopeHHe sapana pa6oTa A TOVK.TCCTBCimo 
paBHa nonHoil SHeprrai MarHHTHbix noneil Wu (23). Cne^OBaTentHO, HHepunoH- 
Htie cBoilcTBa oziHoro sneKrpoHa o6ycnoBneHbi nonHoil sHeprueil MarmiTHbix 
noneil sncKTpona, noKanHionaniiBix TaioKe TontKO BHe o6beMa MaTcpHanniioil 
nacTHHti sneKTpoira (nHTerpupoBaHHe b (23) BHe o6beMa Knaccu'iccKoro pa/niy- 
ca sneKTpoHa), to ecTt onnTb >Ke TontKo b oKpyncaiomeil ero cpezie cj}H3HHecKoro 
BaKyyMa. Eme 6onee miTcpcciiBic peiynbTaTbi o 61 rapy> khb aio tch. ecnn ycKopaTb 
ojjHOBpeMeHHo /in a naxonairnixca npyr oKono npyra Ha paccToamiH R sneKTpo- 
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Ha. B 3 tom cnynae cyMMapHtie hiicphhohhbic cBoncTBa sneKTpoHOB 6ynyr on- 
pe^enaTtca y*e nonHOH SHeprrai MarHHTHoro nonn b BHXie 

K --h\ H * dV +h\*^ dV +hH dV - (25) 

V V V 

171c nepBtiH nneH cnpaBa 0Tpa5KaeT co6oh Huepumo Mai Hm uhix nojieii peant- 
ho cymecTByiomeH 'iacTHHBi onnoro sneKrpoHa e h TpcTi-m nneH OTpa>KaeT co6oh 
iiiicpuuio viai HHiHhix nojieii peantHo cymecTByiomeH BTopoii qacTiiiiBi sneK- 
TpoHa e 2 , a cpcnnuii nneH 0Tpa>KaeT co6oh HHepimio \iai HHTHbix nojieii rvian- 
Mo/ieHCTBHJi Boo6me peanbHo He eooTBeTCTByiomeH HacTHimi. TaK KaK cpcnnuii 
HJieH cnpaBa onpcncnflCT co6oh niicpnno MarHHTHoro BianMonciicTBuyi MarHHT- 
hbix noneii nepBoro h BToporo sneicrpoHa Me)Kny co6oh, KOTopan ji0KajiH30BaHa 
TOJTBKO B npOCTpaHCTBe BHe OOBCMOB C3MHX paCCMaTpHBaeMBIX SJieKTpOHOB, TO 
eooTBCTCTByiomaji stoh nncpni h Hiicpiinyi npnna;uic'/KHT, HecoMHeHHo, toubko 
M aTepnajiBHOH cpene c|m3HHecKoro BaKyyMa. 3/iecb cnenyeT oco6o noxmepKHyTb 
raaBeHCTByiomyio pout hmchho cpezmi c|}H3HHecKoro BaKyyMa b HHepunoHHbix 
CBOHCTBax 'iacTHUBi, a He BHeniHero sneKTpHHecKoro h MarHHTHoro nonn stoh 
nacTHUBi, KOTopaa naxo.THTca b onpencncimoii 3aBHCHMOCTH ot MaTepnantHOH 
eymHOCTH BHyrpH HaCTHHBI. EcUH OBI UnepiIHOnilBIC CBOHCTBa CaMOH epe.TBI 
(j)H3HHecKoro BaKyyMa Sbihh 6bi Manti, to na>Ke CHJiBHeHHiHM nonaM HacTHimi 
obijto 6bi He 3a hto aancnuTBca, htoobi coaqaTB eooTBeTCTByiomyio uncpnnio. 
C-ITe,TOBaTC-TBIIO, H 3TO eCTeCTBeHHO, C-BC,TyCT C/ieiiaTB HCKJHOHHTeUBHO Ba>KHbIH 
BBiBoq, hto jjeHCTBHTenBHaa npupona KaK an c k Tp o m a n in t n o ii Hiicpimn, TaK h 
« rpaBHTauHOHHOH» HHepmiH CBjmHa BOBce He c KaKOH-TO npezmonaraeMOH 
(MHtjDHHecKOH) «rpaBHTaimoHHOH» hjih «HHepHHOHHOH» MaccoH BeiqecTBa Ten B 
oobcmc 3thx Ten, He c m a t ep h an b11b i mh 'iacTHiuiMH umi CBHiamiBiMH c hhmh 
3neKTpnHecKHMH iapanaviH b o6i>eMe sthx 'iacTnq, a o6ycnoBneHa TonBKo cnna- 
mh b 3 an m onciic tbh c m sneKTpHHCCKHX noneii cocTaBnaiomux ianainiBiii o6teM 
sncMciiTapiiBix aapanoB BemecTBa Ha Bcex ero ypoBiiax c OKpyvKaiomcH hx Ma- 
TepnantHOH cpcnoii c|)H3HHecKoro BaKyyMa. To ecTb nBnciine uncpiin h (sneK- 
TpoMarHHTHOH, «rpaBHTaimoHHOH») o6ycnoBneHO TonbKO k3khmh-to yHHKant- 
HBIMH CBOHCTBaMH Cpe/JBI (J)H3HHeCKOrO BaKyyMa B paBHOH CTeneHH, KaK H C3MH 
cnnbi sneKTpHHecKoro h «rpaBHTamioHHoro» B33HMO,H£HCTBHn o6ycnoBneHbi 
TonbKO HanHHiieM Bee toh *e cpe/jbi c|m3HHecKoro BaKyyMa Me>K,ny b33hmo,H£H - 
CTByiomHMH 3apfl/iaMH h TenaMH. TaK KaK b HCKOTopBix cnynanx (npn b33hmo- 
.HeHCTBHIl HByX M a TC p II3JT B H BIX HaCTHH HnH iapSTTOB), 3JIC K T p O M a T H HTH BIC HHep- 
HHOHHBie CBOHCTBa cpcnw c|)H3HHecKoro BaKyyMa nponBnnioTcn na>KC b caMO- 
CTOHTCnBnOM BH.TC, BHe CBH3H C pCanBIIBIMH 'iaCTHIiaMH (cpenilCMV HneHy B BBI- 
pa>KeHHH (25) He eooTBeTCTByeT MaTcpnanBiian nacTHua), to nna nonoonoii 
HHepHHOHHOH MaCCBI Bbipa>KeHHe ansi m 2 B (6) nCHCTBI-ITCnBUO He MO)KeT HBnHCT- 
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Cfl He3aBHCHM0H OT KOOp.BHIiaT nOCTOJIHHOH BenHHHHOH. CaC30BaTC3BII0, HCTO- 
punecKH ycTanoriHBincccH oomenpi-maToe npe^cTaBneHHe o nocToancTBC bgjih- 
HHHBI MCXailHHCCKOH MaCCBI III 2 B (6) H He 3aBHCHMOCTH ee OT pa3MepOB COCTaB- 
naioniHX ee 3JieMeHTapHBix CTpyKTyp h paccToaimii \ic>K,Ty hhmh .tchctbhtc^b- 
ho ABJiaeTcn ray6oKO ohih6ohhbim n p c3CTa b3 c i i h gm. ot KOToporo mbi b nac'Toa- 
mee ripe mu y*e BBinyvK'nciiBi OTKaiHTBCH, hto6bi noaiiaTB 3ciicTBHTeni>nyio npi-i- 
poziy HBJieHHJi rpaBHTauHH. 

Eonee toto, mo>kho noKasaTB, hto KaK nnepnnoimi>ie CBOHCTBa 03 HOH 3 a- 
p^DKeHHOH HacTHHti npn zjeHCTBHH Ha Hee ojieKTpHHecKoro nona xtpyroii Hacra- 
HBi, Tax h cnna ee rmHM03ciicTBna c 3 toh japa'/Kcimoii 'iacTi-iiicii 3aBHCJiT TaKnce 
h ot o6mero paccToaima vicvKpy pace\iaTp hB ac mbimh HacTHiuiMH h ot .innaMH- 
necKHX npoiicccoB. b KOToptix ohh npHHHMaioT yHacrae. HanpHMep, paccMOT- 
pilM ,TBa IienO.TBHVKUBIX 03H0HMCIIIIBIX SJieKTpHHeCKHX iapHTia 3JieKTpOHa e, Ha- 

xo3amnxca apyr ot npyra Ha paccToaHHH R. H3BecTHo, hto m eacpy hhmh .lonac- 
Ha ^ciicTBOBaTB b 3tom cnynae nocToaimaa cnna KynoHOBCKoro OTTanKHBamia 


F = 


e\e 2 

R 2 


(26) 


O/iiraKO, ecnH o.tiiomv H3 sthx japanon e\ npenocTariHTB bo3mo>khoctb /iBnraTB- 
ca ycKopeHHo, 1103 3 Chctbhcm npnnoaceHHOH k HeMy an e k t p h h c c ko ii chjibi ot- 
TajiKHBaHHa, to b TOHKe iiaxovK.TciiHsi BToporo 3 apana e 2 non BUTCH eme BuxpeBoe 
3JieKTpHHecKoe none E t ot nepBoro lap an a e t . paBHoe 


1 0A, 1 e 1 8V 1 

~C~dT~ C 2 Rdt ’ 


(27) 


no3 nciicTBHCM KOToporo Ha iicnonBi-ivKiiBiii sneKTpiiHecKHii japan e 2 iianneT 
TieHCTBOBaTB eme nononHHTentHaa OTTanKHBaioman sneRTpiinecKaa cnna F a 

¥ a = E\e 2 , (28) 

KOTopaa yBenHHHBaeT cuny OTTanKunaima BToporo aapana ot nepBoro. OnnaKO, 
ecnH paccMaTpiiBaeMBie japanai e\ h e 2 oynyT pa3Horo iiiaKa, to nononiiHTcnB- 
Haa sneKTpHHecKan cnna F fl (28) 6yneT yBenHHHBaTt ynce cuny npHTaacemia 
BToporo iapana k nepBOMy. Tax KaK b nocnenncM cnynae Ha onny H3 b33hmo- 
3 eHCTByiomnx nacTHH e 2 neiicTByeT nononHHTentHaa cnna F fl (28), yBenHHHBaeT 
cuny ee npiiTa>Kenna k nepBOH, to no 3aKOH3M MexaHHKH, aHanorHHHoe yBenn- 
neHHe cnnti B3anM03eiicTBna cncnycT ovKimaTB Taicace h nna 'iacTHiiBi e t . AHa- 
noriiHHtie acjxjieKTBi yBenHHefflia cun B3aiiMO,neHCTBHn h HHepmioHHtix cbohctb 
b 3 a h m o 3 e ii c t b y i o m h x iapanoB cncnycT oncnnaTt h ana b 3 a 11 m 03 ciic tb 11 a Mcacay 
co6oii b o6meM HeiiTpantHtix nunontHtix h MyntTiinontHtix chctcm KaK aTOM- 
hbix, TaK h a3cpiiBix CTpyKTyp. B KaKoii CTeneHH sth ci-in bi MoryT h3mciihti> 
HHepunoHHBie h “rpaBHTannoimi>ic” CBoiicTBa ri 3 a hM 03 ciic t riy 1 o 1 n h x flBHncy- 
iniixca h iioKoainiixca japanoB, noKa CKa3aTt Tpv3iio, o.TiiaKO HecoMHeHHO 03 - 
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ho, hto o6man qnepniioiman Macca ni 2 (6) b 3 an mo t c ii c t b y i o i n h x MOK.Ty co6oh b 
o6meM HeiiTpajitHBix CHCTeM /qinoneH huh MynbTHnojieH zieHCTBHTeiH>HO 33bh- 
cht, KaK oTMC'iaaocB y*e Btirne, KaK ot pa3MepoB TiinoTbiitix cucTeM h cBmaii- 
HBIX C HHMH 33pHTOB, TaK H OT paCCTOUHIM HX ,Tp>T OT Tp>Ta H OT HX COCTOflHHa 

TBIdkchhu. Cne/iOBaTenBHO, TeHCTBHTenbHO, b (jiopMyjie (6) none ®i hbtuctc n 
SbicTpocna/iaiomeH cjiyHKiiHeH MyjibTiinonbHoro 3JieKTpHHecKoro nona, ho ot- 
HOBpeMeHHO h Macca »; 2 TaK>Ke HBJiaeTcn onpezieiieHHOH cjiyHKiiHeH ot MynbTH- 
nonbHBix nonen. B pe3yni>TaTe >Ke cobmccthoto tchctbhh omicaHHbix Btirne 
BeebMa CJIO)KHbIX (j)H3HHeCKHX cjiaKTOpOB H npHHHH, a T3K)Ke yHHBepcantHtix 
cbohctb BaKyyMHOH cpe/ibi, Ka>KymHHcn scjxjieKT B3aHMo/ieHCTBHJi sneRTpiiHe- 
ckhx MynbTHnontHbix chctcm nponBJineTcn KaK ootiHiian o6paTHO KBanpaTii'inaa 
(jiyHKHHJi ot paccTonHHU. Ho no CBoen npupo.TC sto y>Ke hhcto sneKTpoMarHHT- 
Hoe nBJieHHe. 

Hccncqo Ban hsimh o6Hapy>KeHO [1, 2], hto KomcpeTHan THCKpcTiian iapn.TO- 
Ban CTpyKTypa peantHoro BemecTBa Ha jiio6om paccMaTpnBaeMOM ypoBHe ee 
CTpOeHHJI (aneKTpOHbl, n03HTp0HbI, Me30HbI, HyKJIOHBI h t.,t.) nenocpc.TCTBcnno 
o6ycnoBneHa, npc>KTC Bcero, Ti-maMUHCCKHMH KBaHTOBbiMH cbohctb3mh caMOH 
THCKpeTHOH SapH.TOBOii CpC.TBI (|)H3H'ICCKOrO BaKyyMa, OHIiaKO, KaK 3TO Oy.TCT 
noKa3aHO bo btopom nnaHHpyeMOM iihktc pa6oT, sto TeMa Tpe6yeT OT^entHoro 
paCCMOTpeHHJI. 

TaKHM o6pa30M, nocne ycTanoBTcnnsi onpcncnaioineii ponn c parti c|)H3H- 
HecKoro BaKyyMa b noHHMaHHH npupoTti KaK chji unepiuiH. rpaBUTamin, TaK h 
hbjichhh 3JieKTpoMarHeTH3Ma, /pin nonHoro npe/jCTaBneHiin (jiyH/jaMeHTantHOH 
ponn cpe/iti (J)H3HHecKoro BaKyyMa bo Bcex ORpyiKaion/HX Hac nBneminx npupo- 
Tbi, nBJineTcn Kpaiiiic iicooxo.thmbim KOCHyTbcn eme xora 6 bi o 6 mnx cbohctb 
caMOH cpc.Tti c|)H3HHecKoro BaKyyMa. HacTii'ino Bonpocti o 6 mnx cbohctb cpc.Tti 
<|)H3HHecKoro BaKyyMa 6 yryr paccMOTpeHbi b stoh khhtc no Mepe H3no>KeHHn 
HOBbix npe.TCTa bt cn h ii o 3aKOHax 3JieKTpoMarHeTH3Ma, ornate 6 onee .TCTaTtiio 
3 thm BonpocaM Oy.TCT nocBsimcn BTopoii hhkji pa 6 oT no TeMe “OnTHHecKan h 
3JieKTpoTHHaMHHecKan acHMMCTpiw peajibHoro okoho3Cmhoto npocTpaHCTBa” 
[2-10]. Ho tjm npaBHiibHoro onpeTenefflin hcxothbix c[)H3HHecKHX h (jiHnocoi])- 
ckhx noHUTHH y>Ke cennac TpcoycTcn 6 onee huh MeHee aaKoiiHcimaa niii[)opMa- 
i UTJi o Bcex B03M0>KHbix cbohctb ax MaTepnn, hto cronaiio, oniiTb vkc, c Heo 6 xo- 
THMoctbk) npoBe/ieHHn TononHHTenbHoro o 6 mero aHajnm cjiyH/iaMeHTajibHbix 
nBJieHHH ii 33KOHOB npupoTti. noaTOMy, hto6bi nepeiiTH k o 6 meMy onucaHHio 
3JieKTpoMarHHTHbix cbohctb cpe/ibi c|)H3HHecKoro BaKyyMa, He Kacanct norpo 6 - 
ho Been npoOTCMti h Been ncTopnn paiBHTHn npcTCTaBTcnnii o MiipoBOH cpcTC, 
o MiipoBOM 3(|)npc, o (|)H3 H'icckom BaKyyMe, kociicmch xoTn 6 bi b ooiiiH.x HepTax 
ochobhbix npeTnonaraeMbix npeTCTaBJieHHH o cpe/ie c|)H3HHecKoro BaKyyMa, 
ocHOBbiBancb Ha hmcioihchch y>Ke o 6 men niK|)opMannn 06 stoh cpcTC. 
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Cemac hhbimh onbiTaMH (onbiT Jl3M6a) ycTaHOBJieHO, hto MHpo- 
Baa cpe^a - sto BnojiHe oGteKTUBHaa h omyraMaa peajibHOCTb. IIosTOMy 
SKcnepuMeHTbi MaHKejibcoHa-Mopjiea no cymecTBy noTepsran CBoe on- 
peziejraiomee 3HaneHHe. Ohh npe^CTaBJiaroT co6on hhcto TeoperanecKyio 
3ara^Ky: noneMy npn najiiiHiiii cpenw sth onbiTbi (n hm noao6Hbie) He 
o6Hapy5KHBaeT "3(J)HpHoro BeTpa"?". 

npoij). T.A. JIe6eneB. b kh. A. MaHeeBa "K kphthkc 
o6ocHOBaniM Teopnii OTHOCHTejibHOCTH", 1960. 

«... b CBS3H c 3thm B03HHKaeT Bonpoc, noneMy ace flO CHX nop HHKTO 
He o6Hapyacnji "siJinpHoro BeTpa", ecnn, KaK Tenepb noKa3aHO, MnpoBaa 
cpejia cymecTByeT? B stom h 3aKJHonaeTca HenocTaTOK coBpeMeHHon 
Teopun, hto npn ee pa3pa6oTKe npuHUMajincb bo BHUManne tojibko Te 
onbiTbi, KOTopwe nonTBepacnajiH Te3nc A. 3HHiiiTeHHa, hto "3(J)Hpa" HeT. 
Te ace onbiTbi, KOTopwe abho yKa3WBaioT Ha cymecTBOBamie 3(J)HpHoro 
BeTpa" (onbiT CaHbUKa, IIoraHH, MaHKenbcoHa-Tejia) nonra 3a6biTbi, Tax 
KaK hx onucaHHe BCTpenaeTcn tojibko b oxaejibHbix MOHorpacfiiMX. Meac- 
JX y TeM Ha3BaHHbie onbiTbi, ecjiH nozioiiTH k hum o6i>eKTHBHO, najieKO bbi- 
XOUflT 3a paMKH Tex CKpOMHBIX B03MOaCHOCTeil, KOTopwe OTBeHeHBI HM B 
COBpeMeHHOH (J)H3HKe... 

IlTaK, coBpeMeHHaa (J)H3HKa BecbMa ohho6oko ncnoJib3yeT HMetommi- 
ca SKcnepHMeHTajibHbiii MaTepnaa, OT^aBaa HeyMepeHHoe npeanoHTeHHe 
tojibko TeM onbiTaM, KOTopwe aoKa3WBaioT "oTcyTCTBHe 3<}>Hpa". BaBiiaoB 
C.H. acHO BHaea bcio caoacHOCTb h npoTHBopeHHBOCTb stoto Bonpoca, 
nosTOMy oh yKa3WBaa, hto: "IIpaBHabHee 6biao 6bi Boo6me H3aaraTb Teo- 
pHio OTHOCHTeabHOCTH, ee 3KcnepHMeHTaabHbie ochobbi 6e3 BcaKoro ot- 
HomeHna, KaK MiipHoro, TaK h Bpaacae6Horo b rnnoTe3e 3(J)Hpa" 

AKaa. BaBiiaoB C.II. Co6p. coh., t. IV, 1954, c. 60. 

6. IIpeanoJiaraeMaa CTpyKTypa h CBoiici ea cpenbi (j)H3HMecKoro 

BaKyyMa 

H3BecTHO, hto cpc/ia (])H3iHiccKoro BaKyyMa oona/iacT pcaaiaibiMH He paB- 
HBIMH Iiyaio (|)H3HHCCKHMH XapaKTepilCTHKaMH TaKHMH KaK, ,!(H3JieKipH'IecKOii 
h MarHHTHoii npommaeMOCTbio BaKyyMa e 0 = 1 h p 0 = 1- CaM cjiaKT cymecT- 
BOBaHiia y c|)H3HHecKoro BaKyyMa peanbHbix c|)H3HHecKHX napaMeTpoB CBiizie- 
t caBCTBycT co6oh, npeacac Bcero, KaK o pcaabiiocTii cymecTBoriaima ca\ioii Ma- 
TepnaaBHOH cpe/ibi (J)H3HHecKoro BaKyyMa, TaK h KaKOH-TO rny6oKOH (J)H3HHe- 
ckoh cymnocTH jaKiiioHcnnoii b Hen. Tot (|)aKT, hto hh3jiCKT p hh ccKaa h Mar- 
HIlTHaa npOHHIiaeMOCTH He paBHBI HyjIK), rOBOpHT O TOM, HTO (])H3HHeCKHH BaKy- 
yM 3JieKTpHHecKH h MarHHTHO nonsproyeM. CBOHCTBa >Ke nonapniycMOCTH 
npeanonaraioT HajiHHHe y (J)H3HHecKoro BaKyyMa BHyTpeHHHX chu sneRTpiine- 
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ckoh h MarHHTHOH ynpyrocra. HajiHHHe >Ke chji ynpyrocra b cpejje, b cboio 
o'lepe/ib, npe.ionpc/icJiacT co6oh cymecTBOBaHiie y stoh cpc/ibi BiiyTpeiiiieii 
TUiCKpcTiioii CTpyKTypbi. npiiHCM BHyTpeHHiie ynpyrne cnjibi /niCKpcTiibix c.tii- 
n h n naKyyMiioii cpc/ibi no npiiponc CBoen hbjihiotgh sjieKTpiiHecKHMH n Mar- 

HHTHBIMH (Ha CaMOM /ICHC, TOJIbKO OJICKTpiIHCCKHMH, HO CTaTHHCCKHMH H TIHIia- 
mhhcckhmh! ). Tenept, hto KacacTcn CTpyKTypbi /niCKpcTiibix c.thiihh BaKyyM¬ 
HOH CpC/lbb TO HanajIBHBIM TOJIHKOM K nOHHMaHHIO CVHICCTBa 3THX CTpyKTyp 
HBHJIHCb T3KH0 H3BeCTHbie H .TOCTaTO'IIlO IIiyHCIlIlblC HBJieHHH, KaK aHHHrHJHmHJI 
H (J)OTOpO)K/ieHHe SJieKTpOHa H n03HTp0Ha. A TaK KaK SJieKTpOH H n03HTp0H, npn 
onpc/iciieimbix oocTOHTCJibCTBax. b paMKax cobpomohhbix ooiucnpmisiTbix no- 
bovkciihh. MoryT aHHiirujinpoBaTb h HcneiaTb KaK peajibHbie MaTcpiiajibiibic 
OObCKTbl, C Bbl/ICHCHHCM 3IICpTH H B BH/1C TIByX y-KBaHTOB, a, npil .TpyHIX o6CTOfl- 
TenbCTBax, npn BOi/iciicTBim incprwi y-KBaHTOB nouBJMTbcii 113 “minero”, to 
3th (jjaKTbi npezionpeaenHUH po>icneHHe rnnoTe3bi paKa o 3JieKTpoHHo- 
n03HTp0HH0M (|)I13HHCCKOM BaKyyMe, B KOTOpOM .THCKpCTIlblMH CTpyKTyp3MH 
BaKyyMHOH cpezibi npeziCTaBJUHOTCJi BupTyajibHbie 3JieKTpoHHO-no3HTpoHHbie 
napti. HMeeTCJi mhoto mohcjich c|)H3iiHccKoro BaKyyMa, BmoTb /10 bobpovk.tciihsi 
rnnoTe3bi MnpoBoro MexamiHecKoro 3(|)Hpa, oxjHaKO Mojjenb 3JieKTpoHHO- 
no3HTpoHHoro BaKyyMa, c ([hi ju'icckoh tohkh 3peHHJi, hbhhctch 6onee npneM- 
neMOH, TaK KaK ocHOBaHa Ha onpeaeJieHHbix HaSnio/iaeMbix 4 >h3hhcckhx iiBJie- 
HI15IX npil B3aHMO/ICIIC T BIIII OJICKTpOIia C n03HTp0H0M (ailllHril.TSIHHJI. (|)OTOpO'/K- 
jjeHne h t./i.). He Kacaacb noKa cymecTBa .THiiaMHHccKoii kb3htoboh CTpyKTypbi 
caMiix iapavKcnnbix ineMciiTapiibix 'iacTiin - sucKTponoB h no3HTpoHOB, koto- 
pa a nrpaeT onpe.TCJiHioinyio ponb b bo3mo>khocth cymccTBOBannyi niicKpembix 
C.THIIHH BaKyyMHOH cpc/lbl [2], npOBCHCM OIICIlKy o6niHX CBOHCTB CpC.Tbl (|)H3H- 
necKoro BaKyyMa, ocnoBbinaflCb Ha npocTeiiHieH ninoTcic TJicKTpoimo- 
no3HTpoHHOH napbi. 

PaCCMOTpHM SJieKTpOH H n03HTp0H, ITOKOHIHHCCH Ha TOCTaTO'IIlO 6 ohbhiom 
paccTOJiHHH R npyr ot npyra. B 3tom ciiynae nonHaa sHepma sjieKTpiiHecKoro 
noira 3TOH 3JieKTp0HH0-n03HTp0HH0H napbi Onpe.ICJTHTbCfl Bbipa'/KCIIHCM 

W F =— \E 2 dV-— [e E,t/F + — [ErdV. (29) 

£ 8n J 8jiJ “ + 8ti J + 

V V V 

nepBbiii h TpeTHH HJieHbi cnpaBa npcTCTariTsiioT co6oh Tiicpraio tjicktphhccko- 
ro noun E TJiCKTpona h no3HTpoHa, MOKaBHiOBannyio b npocTpaHCTBe BHe o6be- 
Ma caMHX nacTHii h npcTCTaBTHioiHcii co6oh iiicprmo noiuipimiiHH BaKyyMHOH 
cpc,lbl OT 3-1CKTpII 1 1CCKIIX nOJieH 3THX lapH.TOB. CpC.IIlIlii HJieH npC.ICTari-IHCT 
co6oii pa6oTy noiuipimiiHH cpc.Tbi (J)H3HHecKoro BaKyyMa b nepeKpecTHbix 
3-1 C KTpII 'I CCKIIX nO-ISIX SJieKTpOHa H n03HTp0Ha II HB-IHCTCH BdHIHHHOH OTpHIia- 
TenbHOH, TaK hto cyMNiapiiaH sucpriisi sjieKTpHHecKoro nona 3JieKTpoHHO- 
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n03HTp0HH0H napbl Oy/ICT BCCEia MCIIbHIC HX apH(|)MCTHHCCKOH cyvivibi. OSnaCTB 
HHTerpupoBaHiM bo Bcex Tpex HJieHax paecMaTpiiBaeTCJi bho oOteMa KJiaccHHe- 
CKoro paxjnyca r 0 sneicrpoHa. Ilpn paccTOJiHHH R Me>Kziy sneKTpoHOM h no3HTpo- 
HOM, paBHOM 2r 0 , B 'iaCTIIOCTH. CpC.THHH HJieH 3HepTHH BTaHMO/ICHCTBHH OKa3bI- 
BacTCH paBHBiM nepBOMy huh TpcTBcviy HJieHy, Tax hto cyMNiapnaa 'jncprua 
3JieKTpHHeCKOrO nOJM 3JieKTp0HH0-n03HTp0HH0H naptl OKaiBIBaCTCH paBHOH 
nepBOHanajitHOH nieprmi tojibko omioii 'iacTHiibi (oOnacTb BHyTpeHHero o6te- 
Ma 3JieKTpoHa hjih no3HTpoHa npn miTcrpiipoBami h HCKmonaeTCfl). 

/],jm onpcncJiciiHH micpmioimBix cbohctb iio,to6iioh sneKTpoHHO- 
no3HTpoHHOH napti npii/iamiM eft cicopocTb nocTynaTenBHoro .ibh/Kciihh V 3a 
npoMe>KyTOK BpeMeHH At. B stom cnynae nonHaa SHepnui MarHHTHtix noneft 
napti onpezienHTtcH Btipa>KeHHeM 

w H = — [ Hidv - — [nn.dv + — [ H:dv = 

8ji J 8ji J + 8ji J 

r o r o r 0 


— 7/2 —/ \ + t /2 t /2 

m 3n V 2 rn m V r 0 | m m V _ m 0 V 

2 2 [r) 2 2 


(30) 


r,ne m m - HHepuHOHHaa sneKTpoMarHHTHaji Macca sneKTpoHa, m^ n - HHepuH- 
OHHaa 3JieKTpoMarHHTHan Macca no3HTpoHa, - HHepuHOHHan sneKTpoMar- 

HHTHaa Macca aiicpniii B3 &hm o/jeft ctb hh , H..+ - nonHoe BeKTopHoe MarmiTHoe 
none sneicrpoHa, no3HTpoHa. H 3 (30) bh.hio, hto o6mas miepmionnasi Macca 
Hfiyx 'iacTHii OKaitiBacTCH iaBcnoMO MeHtine hx o6meft nepBOHananbHoft Maccti 
Ha BCJiHHHHy cpcmicro HJieHa sncpruii B iaiiMonciicTBUsi h b nacraoM cnynae npn 
R = 2r 0 OHa OKaibiBacTcsi paBHoft nepBOHananbHoft iincpimoimoii Macce o/inoii 
H3 3THX 'iaCTHH. O.HiaKO OrpaHHHeHHe Ha HH5KHHH npC/ICII HHTerpHpOBaHIM R = 
2r 0 b cpcniiCM HJieHe MC>K/iy HacTHiiaMU npHHJiTO hcxomh H3 coojiio/iciihsi ycno- 
bhji OTcyTCTBiM necfiop Mamin hx CTpyKTypti. Ecmi >Ke npc.inono>KHTB. hto Taxan 
/ie(J)opMauiM B03M0>KHa (HanpHMep, Kaic npn zjecjiopMamiH BHeniHeft sneKTpoH- 
HOft 060 HOHKH aTOMOB H o 6 o 6 meCTBHCHHJI BHeiHHHX HX 3JieKTpOHOB npH KOBa- 
neHTHOH CBH 311 !), to npn paccTOHiiHH R = r 0 cyMMapnaa iinepmioimafl Macca 
3JieKTpOHHO-n03HTpOHHOH napbl OKaiblBaCTCH paBHOH npaKTHHecKH HyjIIO. riOKa 
Tpy.Tiro hto-hh6o CKa3aTt o xapaKTcpc /iciicTBHTcnBnoii /icc|)op Mamin CTpyKTy- 
ptl 3JieKTpOHa H n03HTp0Ha B 3JieKTp0HH0-n03HTp0HH0H nape, OMIiaKO, npiiHH- 
Man bo BHHMaHHe 3HaHHTentHtie chubi npuTST/Kcnnsi MOKTiy sthmh nacTiinaMH 
Ha Mantix paccTOsmnsix, TaKiic /ict|x)pMannn HecoMHeHHO .hohjkhbi cymecTBO- 
BaTt. Cne^OBaTentHO, oxiho H3 npeacica3biBaeMbix yHHKajiBHBix (j)H3HHecKHX 
CBOHCTB 3JieKTp0HH0-n03HTp0HH0H napbl (j)H3HHeCKOrO BaKyyMa 3aKJIK)HaeTCn B 
tom, hto npn ycjiOBHH oTcyTCTBiM BHeniHHx 3neKTpHHecKHx nonen hx cyMMap- 
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Ha a iincpniioimaa 3JieKTpoMarHiiTHaa Macca CTpeMHTCJi k Hynio. TaK KaK 3JieK- 
TpoHHO-no3HTpoHHaa napa npe.ncTaBnacT co6oh e.niinHHnyio TWCKpcTiiyio 
CTpyKTypy cpeati c|)H3HHecKoro BaKyyMa, to TeopeTHHecKH npeacKa3BiBaeTca 
HajiHHue y stoh cpeati b craTHHecKOM ncBOioyvK^cnnoM ee coctoshihh ymi- 
KajIBHBIX OCBBIIlCpilHOnilBIX CBOHCTB MHpOBOH CpC/IBI. IlpH HajIHHHH KOJIOCCajIB- 
HBIX BHyTpeHHHX ynpyTHX SJieKTpOMarHHTHBIX CBOHCTB, (J)H3HHeCKHH BaKyyM, 
npn OTCyTCTBHH BHeiHHHX nOJICH, npO^BJiaeT CBOHCTBO H^eajIBHOH OCiBIIlCpHH- 
ohhoh cpeati. rio.TOOiiBic CBOHCTBa cpc/iBi (|)H3H'iccKoro BaKyyMa pa3peniaioT, 
HaKOHeu, nenpeo.TOJTHMbie TpyanocTH jhoSbix paHee BBrnmiracMBix McxaniiHe- 
CKHX MO/IC-TCli MHpOBOH 3(|)HpilOH CpC/IBI, TaK KaK B OCBBIHCpilHOimOH SJieKTpO- 
MaTHHTHOH CpCHC TOpMOVKCIlHC IICOCCIIBIX TeJI npH HX nBH/KCIIHH nCHCTBHTCJIBHO 
.HOJDKHO OTCVTCTB0B3TB HJIH npaKTHHCCKH 0TCVTCTB0BaTB. O/HiaKO, C ,Tp>TOH 
CTOpOHBI, npH HajIHHHH BHeiHHHX nOJICH («rpaBHTaiIHOHHI>IX», SJieKTpHHeCKHX, 
ManiHTIlBIX. «H/ICpiIBIX» II T./I.) HIlCpHHOimBIC CBOHCTBa CpC/IBI (|)H3HHeCKOrO 
BaKyyMa MoryT nocTiiraTB KonoccajitHtix bcjihhhh. HanpiiMep, npn nojiaproa- 
HHii cpeati tjiH3HHecKoro BaKyyMa b chjibhbix 3JieKTpiiHecKHX nonax, .hoidkhbi 
nojiapH30Ban>ca h CTpyKTypti 3JieKTpoHHO-no3HTpoHHi>ix nap (|)ii3H'iccKoro Ba¬ 
KyyMa. Ho b 3tom cjiynae, KaK sto ncnocpcncTBcimo bh.tiio H3 (30), yBCJiHHcniic 
paccTOJiTiiii Me>K/iy lapanaMii 3jieKTpoHHo-no3iiTpoHHOH napti ohciib obictpo 
yviciiBiriacT OTpimaTC-TBiiyio BeJiHHHHy cpcnncro HJieHa rraHMO/iciicTBiia. hto 
cpa3y yBeJiHHHBaeT o6mioio ane kt po m arn ht ny 10 HHepiinoHHyio Maccy Been 3a- 
piDKeHHOH cTpyKTypti. J\jul o6mero npeacTaBJieHiia 06 sthx BennHHHax npoBe- 
aeM npiiMepHyio oueHKy HHepunoHHBix cbohctb cpeati cj)H3HHecKoro BaKyyMa, 
B3^B 3a ocHOBy, HanpiiMep, iinepimio oniivKaiiincro k noBepxHOCTH sneKTpoiia 
CJioa HHCKpcTiiBix HacTiiu BaKyyMHoii cpe.TBi. nonaraa pa3Mep BJJCKTponno- 


n03HTp0HH0H napBI paBHBIM r 0 , paCCTOailllC MC'/K.iy 3JieKTp0HH0-n03HTp0HHI>IMH 
napaMH b BaKyyMHoii epeae paBHBIM R = 2r 0 h yniiTtiBaa, coraacHO nepBOMy 
HJieHy cnpaBa b (30), hto npn HHTerpupoBaHiin ot r 0 ro R = 2r 0 3Hepnia Mar- 
hhthoto non a BHyTpn o6i>eMa iinTcrpiipoBanna OKaiBiBacTCfl paBHoii 


e 2 V 2 e 2 V 2 _ e 2 V 2 m 0 V 2 
C 2 r 0 C 2 2r 0 2 C 2 r 0 2 


(31) 


TO 3Ta 3HepTH^ COOTBeTCTByeT KHHeTHHeCKOH 3HepTHH BCeTO JIHIHb O^HOTO 3JieK- 
TpoHa. npiiHHMaa bo BHHMaHHe, hto b o6i>eMe 1 cm 3 TaKiix CTpyKTyp pamiyca R 
= 2r 0 OKavKCTca nopaaKa 10 36 , to b npiiOjiHaceffliii k uieKip hm ec komv nojiio 
3JieKTpoHa o6maa iincpniioimaa sneKTpoManiiiTnasj Macca m ,|,/ B cpc.TBi (])H3ii'ie- 
ckoto BaKyyMa b o6i>eMe 1 cm 3 OKaiBiBacTca paBHoii 

m ¥B = 10 3 Sji= 10 6 kt= 10 3 t. (32) 

Ananorii'niBiii pacncT, ho yace b npiiOjiHaceHiin k 3JieKTpH*iecK0My nojiio wapa 
aTOMa c Z= 100, ana 3HaHeHiia HHepmioHHOH viaccBi m$/ B b o6i>eMe 1 cm 3 cpc.TBi 
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(j)H3HHecKoro BaKyyMa nonynaeM eme Ha 2-3 nopjmica 6oni>myio BenHHHHy, T.e. 
1 cm 3 BaKyyMHOH cpc/ibi HMeeT micpiiHonnyio 3Ji e kt p o m a r n h t nyio Maccy paB- 
Hyio 10 5 —10 6 t. Cne/iOBaTenBHO, HHepmioHHaa Macca cpe^ti c|)H3HHecKoro Ba¬ 
KyyMa pacTeT c poctom CTenemi nojiapimimn cpc/ibi BHeniHHMH nonaMH. Ko- 
HeHHO, /lamraa BenHHHHa oiicno'inaa, ho OHa /iacT noc'TaTOHiio BHyimiTenbHoe 
npcTiCTaBuciiHe 06 HCKJHOHHTeiibHO Goubhihx noTeHimanbHbix cbohctb ax yHH- 
BepcajitHOH MHpoBOH cpe,zmi cj)H3HHecKoro BaKyyMa. 

B 3aKJiioHeHHe, no/mrroactiBaa cKa3aHHoe Bbiine othochtcjibho vicpbi kojih- 
necTBa BemecTBa, mo>kho caesiajh bubo/i, hto BBC/ieimoc b cj)H3HKe nonaTnc 
Maccbi KaK Mcpi.i KOJiHHecTBa BemecTBa, onpexienaeMOH nepe3 ee HHepimoH- 
HBie H rpaBHTaUHOHHBie CBOHCTBa, B /ICHCT B HTCJI b II0CTH He MOaCeT CHHTaTbCa 
ocHOBononaraiomHM (JjyHjjaMeHTajiBHBiM noHaraeM, TaK KaK h HHepHHOHHtie h 
rpaBHTaUHOHHBie CBOHCTB3 MaCCBI OKa3ajIHCI> B CJIOaCHOH 3aBHCHMOCTH KaK OT 
cbohctb cpc/ibi (|)H3H'iccKoro BaKyyMa, TaK h ot 6hh30Cth k paccMaTpHBaeMOH 
Macce zipyrux Macc. H3JioaceHHoe bbiiiic Haraa/mo noKa3biBaeT HacKontKO 
cnoacHtiM MO)KeT 0Ka3aTtca npouecc onpeaeneHiia cy6beKTOM KaKoro-nnGo c|m- 
noco<J)CKoro h c|m3HHecKoro Hcxozmoro (JiyH^aMeHTantHoro noHSTHa. 

^jia onpezieneHna ^encTBUTentHO cjjyH^aMeHTajitHoro noHaTiia Mepti ko- 
jiHHecTBa MaTepiin, npeacTaBHM CHanana o 6 myio rpacjmHecKyio cxeMy b33hmo- 
CBa3H MHOTHX BCnOMOraTC-BBHBIX HCXO.THblX nOHaTHH, HTOObl npC.TCTaBHTb 06 - 
myio KapTHHy npo 6 neMi>i. Ha puc. 65 npe/iCTaBJicira 6 noK-cxeMa nocne^OBa- 
TeUBHOH B33HMOCBa3H MHOTHX BCnOMOTaTeUBHBIX MCXOTUIblX nOHaTHH. 

H 3 cxcmbi Ha pnc. 65 bh/uio. hto onpencnacMBic hcxohiibim nonaTHCM mcic- 
cbi ebidejieHHoeo enympu oepammeHHoeo odbeMa Kommecmea eeufecmea ee 
HHepuHOHHbie h «rpaBiiTamioinibic CBOHCTBa» hmciot cnnBHyio B3aHM0CBa3t 
co Been ORpyacaiomcii /lamioc kojihhcctbo BemecTBa cpe/ioii {j)H3HHecKoro Ba¬ 
KyyMa H nOJIHOCTBK) 3aBHCaT OT ee 3JieKTpOMaTHHTHBIX HHepHHOHHBIX CBOHCTB. 
Bcjie/icTBHe Hero caMH no ce6e HHepmioHHbie h «rpaBHTaiiHOHHbie» CBOHCTBa 
KaK BHeniHHe k paccMaTpHBaeMOMy Bbi/icncimoMy o6beMy BemecTBa He MoryT 
Obitb npHHaTbi b KanecTBe Mepti KonnnecTBa viaccbi Bbi/icncimoro KonnnecTBa 
BemecTBa. KpoMe Toro, Tenepb sto CTaHOBHTca o'icbhhiibim. hto nonaTnc vicpbi 
KOJIHHeCTBa MaTepHH MOVKCT 6bITb npiIMeHHMO TOJIBKO K TOH MaTepHH, KOTOpaa 
cymecTByeT BHyTpn BtmeneHHoro oObCMa pcanBiroro MaTepnajibHoro o6beKTa, 
Ha c|)OHe 6e3MepHOH tohkoh MaTepnn cpc/ibi c|)H3HHecKoro BaKyyMa. ripuHCM 
BHyTpeHHaa MaTepua peajibHO cymecTByeT b bi-i.tc pa3HHHHbix BHyTpeHHHX 
CpaBHHTeJIBHO CTaOHUbllblX (|)OpM 3apa,TOBbIX CTpyKTyp, H3 Hero COCTOaT C3MH 
MaTepnantHbie nacTimbi (sneKTpoHBi, no3HTpoHi>i, Me30Hbi, npoTOHti h T.m), 
KOTopbie nepe3 hx BHenrane noaa perncTpupyeTca HaMH yace KaK pcanbiioc Ma- 
TepnajibHoe BemecTBo. To ecTb, nonaTnc KonnnecTBa MaTepnn BemecTBa npn- 
MeHHMO tojibko k MaTepHH peanbHoro BemecTBa BHyTpn rsbi/ienennoro oObcvia 
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Phc. 65 

MaTepnajiBHoii nacTHUti, 6e3 y'iCTa cymecTBOBaHiui b paccMaTpiiBaeMOM npo- 
CTpaHCTBe MaTepnantHOH eymHOCTH cavioM Mnponoil cpc/iBi ({iHan'iccKoro Ba¬ 
KyyMa. O.iiiaKo, hto npc.acTari.TJiioT co6oh MaTepnantHtie cyinnocTH BHyTpn 
MaTepnantHOH 'iacTHiibi hjih b KaKOM bh/ic ohh cymecTByioT, b nacTOHincc Bpe- 
Mfl MO)KHO TOJIbKO /[Ora/lBIBaTBCfl. HO HMGHHO JSflfl 3THX MaTepHajIBHBIX CyiUHO- 
CTcil BHyTpn MaTepnajiBHOH 'iacTHiiBi /[O-T/Kiro obitb onpeoeaciio hcxo/hioc no- 
HJiTue e iHHHiu.i viepi.i KO.iH'iec i Ba BemecTBa. Ciic/ioBaTCJiBiio. Ha HanantHOM 
3Tane cpaBHHTentHo iia/ioKiioii ejiiiHiiiieii KO.iH'ieciBa MaTepiiH BemecTBa 
M02KGT CJiy)KHTi>, HanpHMep, CaM C lHHH'lHI.lii I.ICKI nilHCCKHli 3apflJ B pa3IIbIX 
CTaSHJibHbix tbopMax ero cvmecTBOBaHHH, ho 6e3 ero BHeumero sjieKTPHie- 
CKoro no.iH . Tax KaK o BenHHHHe iapana BHyTpii o6beMa 'iacTHiiBi mbi cyauM no 
ero BHeniHeMy 3a\icpHCMO\iy sneKipunecKOMy norno, Korapoe Mo>KeT obitb non- 
Bep)KeHO .THiiaMH'iccKOH ,TC(|)opManHH npn .tbh/Kxiihh (Bpamefflin) japa/ia. TO 
.neHCTBHTenbHaji Bcon'iniia Bapa/ia BHyTpn o6beMa 'iacTHiiBi Mo>KeT cymecTBeH- 
ho OTnunaTbca ot HiMepHCMoii nocpc.TCTBOM ero BHeniHHX noncH. B cboio o'ie- 
pe.TB, 3TO paCT B03M0)KH0CTb OOBUCIIHTB T3KHe napa/IOKCajTBHBIC flBJieHHS CO- 
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BpeMeHHOH (f)H3HKH, KaK aHOMajIbHO 6oJIbHIHe BeJIHHHHbl MCXailH'ICCKOrO H Mar- 
HHTHoro MOMeHTa aneKTpoHa n noHm Taiinbiii cmbich nocToannoH tohkoh 
CTpyKTypti [2], ho, c npyroii ctopohbi, bo3mo>khoctb otjihhhh peantHon Benn- 
hhhm 3JieKTpnHecKoro iapa.ia BHyTpn o6i>eMa HacTHiiBi ot 3a\icpHCMoii bojihhh- 
hbi 'icpci ero BHeniHee sjtcktphhcckoc none jinmaeT Hac bo3mo>khocth npuHHTb 
h 3a\iepHC\iyio Benn'inny 3apn/ia 3a Konc'inyio Mepy KonnnecTBa BemecTBa huh 
MaTepuH. E.THiiH'inBiH 3jieKTpHHecKHH iapm onpencncnnoH (|)op\iBi 6e3 /mna- 
MunecKHx K03(J)(J)HHHeHT0B xie^opMamiH KaK Mepa KonunecTBa BemecTBa Mo>KeT 
6i>ITb npHMeHHM TOJIBKO K aHajIOrHHHbIM T3KHM >Ke (J)OpMaM 3apjmOBbIX CTpyK- 
Typ peanbHoro BemecTBa. HanpiiMep, eziHHHHHtra 3JieKTpHHecKHH japn.T 3jieK- 
TpoHa h no3HTpoHa HMeeT em-muHnyio Maccy m 0 , ho tot vkc cm-muHiibiH sneK- 
TpunecKHH iapn/i n-Me30Ha HMeeT Maccy y*e nopn.iKa 10//z 0 , h tot vkc c.thiihh- 
hbih 3JieKTpHHecKHH 3apjm p-Me30Ha HMeeT BenHHHHy y>Ke nopnziKa 70/« 0 , to 
ecTb npezmonaraeTcn cymecTBOBaHHe y*e He MeHee Tpex bhziob oranHaiomiixcn 
no CBoen BnyTpeimcH cTpyKType cnHim'niBix sapnnoB. Tojibko TaKHM nociaTOH- 
ho ycno)KHeHHBiM onpexieJieHHeM noHUTiin Mepti KonnnecTBa BemecTBa, OTpa- 
>KaiomnM aocTaTOHHo cno)KHyio c|)H3HHecKyio npupoziy CTpoeHHn peantHOH Ma- 
Tepnn, bo3mo>kho, yaacTcn HaMeTHTB b ^ajibHeHHieM onpenencniiBic nyra bbixo- 
/la H3 Tex Tpy.TnocTCH h npoTHBopeniiH, c KOToptiMH CTonKHynacb b nacTonmec 
BpeMn (JiyH^aMeHTanbHaa c|)H3HKa. HecoMHeHHO, hto no Mepe yrayGnefflin Ha- 
uihx 3H3HHH 06 OKpy>KaiomeH Hac npuponc 3th onpcncncni-Hi oynyT hbmciihtbch 
H COBCpilienCTBOBaTBCH. HO Ha COBpeMeHHOM 3Tane 3TH Onpe.TCJTCIlHfl y*e non>K- 
HBI COOTBeTCTBOBaTB HMCIOmHMCH y>Ke B IiaCTOHIUCC BpeMn 3HaHHJIM. Bbc,tciiiioc 
paHee nonymie viaccbi KaK Mepi.r KonunecTBa MaTepim peanbHoro HeiiTpanbHoro 
BemecTBa b nepBOM npH6nH>KeHHH, koiic'iiio, movkct obitb npHeMJieMo, ho npn 
y l ICTC 3CHCT B HTCJJ b II0H npiipO/lbl HIlCpilHH H TpaBHTaHHH. TaKHM o6pa30M, H3- 
BecTHoe oomenpi-msiToc onpejicjicni-ic cnnimiiBi KonunecTBa BemecTBa nepc3 
BBe/ieHHoe noHarae jviaccbi BemecTBa npuMeHHMo b /ichctbhtchb no cth tojibko b 
nepBOM, caMOM rpy6oM npn6nH>KeHHH, h hto nainian npo6neMa eme /locTaTO'ino 
.najieKa ot OKon'iaTcnbnoro cBoero pemeHiin. 

Ilociie toto, KaK b npouecce no,no6Horo jjeTajiBHoro aHanH3a h ocMBicJie- 
Him cymecTBa bbo.thmbix ochobhbix hcxo/hibix hohjithh cy6i>eKTOM oy,TCT no/i- 
TOTOBJICH a6cTpaKTHO-ey6l>eKTHBHbIH MaTeMaTHHeCKHH (J)OpMajIH3M OTpa'/KCIlHH 
peajIbHOH nCHCTBUTCnbllOCTH. nyTeM H3MepeHHH CBOCH a6cOJIIOTHOH CHCTeMOH 
BHeniHHX (|)H3H'ICCKHX napaMeTpOB, CyObCKTOM OnpC.TCnHIOTCH OCHOBHbie 3aKO- 
HOMepHOCTH peanbHoro OKpy>KaK)mero ero MHpa, bbohsitcji 3aKOHbi, nocTynaTbi, 
npnHuunbi, (JiyimaMciiTanbiibic cooTHomeHun h 3aBHCHM0CTH. H 3,tccb oco6eHHo 
Ba>KHO, hto6bi He BnacTb b cy6i>eKTHBH3M h MaT cm aT h i icckhh (|)op\ianH3M OTpa- 
)KeHHn peanbHOH /icii ctbhtch b 11 o cth. iicooxo.thmo nocTonnno noMHHTb, hto Bee 
3th npirnyMainibic caMHM >Ke cy6i>eKTOM victorbi HiMcpcnun npocTpaHCTBeH- 
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HBIX H BpCMCIlIlblX OTpe3KOB, BBC.TCHnBIC HCXO.TIIBIC IIOHJITH5I H OnpC.lCJICIlHH, 
BBOZIHMBie a6CTpaKTHBie CHCTGMBI KOOp.THIiaT, npeo6pa30BaHHJI KOOp.THIiaT. ne- 
pcxo.3 H3 O TUI OH ,TBH'/KyiHCHCH CHCTGMBI OTC'ICTa B 7ip>TyiO II T./L. HH B KOeM CJiy- 
H3C He /[OH'/KIIBI 3aBHCeTB KaKHM-HH6o o6pa30M OT (|)H3HHCCKHX napaMeTpOB 
o6BeKTHBHoro peajiBHoro Miipa, rjisl omicamia kotopbix h 6BiJia npiiziyMaHa ero 
cucTeMa H3MepeHiiii. B npoTHBHOM cnyuae, Rax sto 'iacTiunio 6y/iCT noxasaHO 
HH>Ke, 3TO MO)KeT npiIBeCTH K CepBe3HBIM H Hepa3peniHMBIM npOTHBOpeHHUM H 
napa/ioKca\i, hto mbi b ti c ii ct b htc ji b ii o cth h HMeeM b nacToamcc BpcNia. 

"Teopna OTHOCHTejiBHOCTH aBJiaeTca CTporo HayHHoil TeopHefi. Ho 
3to BOBce He 03HaqaeT, hto OHa BepHa 6e3 bcakhx orpaHHHeHHH, hto b 
6yqyiqeM OHa He qoJiima 6yqeT ycTynHTb MecTO KaKOH-TO qpyroil, hoboh 
Teopim, BepHee OTo6pa»caioiqeH qeHCTBHTejibHOCTb. Beqb Bcaicaa HayHHaa 
Teopua cnpaBeaJiHBa numb b onpeqeJieHHbix rpaHHqax, h caMO pa3BHTiie 
HayKH COCTOHT B CMeHe OHHHX Teopnil apyrHMH. npH 3TOM, O^HaKO, CTa- 
pwe TeopHH, Kax npaBiuio, He OTBepraioTca nojiHOCTbio. MHoroe, a hho- 
rqa h Bee H3 hhx coxpaHaeTca. Ho ohh npeBpaiqaioTca jiuhib b npeqejib- 
Hbiii cjiynafi hoboh, 6oJiee o6iqen h 6oJiee coBepmeHHOH TeopHH..." 

3. KojibMaH, JleHHH h HOBenmaa (J)H3HKa, 1961, c. 55. 


"...B qeHCTBHTejIbHOCTH UpaMaTHHeCKOe nOJITOKCHHe B (J)H3HKe co- 
XpaHHJIOCb H qo HaiHHX HHeil H HMCHHO nOTOMy, HTO npHHflJIH peKOMeH- 
qaqnio A. SimniTeiffla "coBepmeqqo 3a6biTb 06 scjmpe h HHKorqa He 
ynoMHHaTb ,o hSm". IImchho c stoto MOMema "Teopim (J)H3HHecKHX hb- 
jieHHH npimyacqeHa 6 buia pa3BHBaTbc» b CTopoHy HeyMepeHHbix MaTeMa- 
THHecKHX a 6 cTpaKqHH, MHorne aBJieHna CTajiH Ka3aTbca eil "cTpaHHbiMii" 
h 3araqoHHbiMii" h neM qajibine, neM 6 oJibine b stoh TeopHH CTanii HaKan- 
jiHBaTbca HepemeHHbie npo 6 jieMbi" 

JIe6eqeB T.A. O HeKOTopwx qHCKyccHOHHbix Bonpocax 
COBpeMeHHOH (J)H3HKH, 1956 T. 


"... .HeonpeqeJieHHbiMH ocTaioTca, b nacTHOCTH, cepbe3HeHiiiHe 
oiiihokh, cBa3aHHbie c TpaKTOBKoil 3aKOHOMepHOCTeii qBHaceHiia MaTepn- 
ajibHbix o6beKTOB c 6oJibniHMH CKopocTaMH. 3Ta o6nacTb (J)H3hkh b no- 
cjieqHHe qecaTHJieTHa CTajia ohhoh H3 BaacHeHninx b (J)H3hhcckoh Hayxe h 
qocTHTJia 3HaHHTejibHbix ycnexoB. OqHaKO ycneniHOMy pa3BHTHio Teopim 
HBHaceHiM c 6ojibniHMH CKopocTaMH MeinaeT pacnpocTpaHeHHaa cpeqn 
(J)H3HKOB SHHIIITCHHUaHCKaa TpaKTOBKa 3aKOHOMepHOCTeH 6bICTpbIX qBH- 
aceHHH, SHHiiiTeHHHaHCKoe noHHMaHnc cyiqecTBa (J)H3HHecKOH Teopim. 

Hmepecw (J)H3HHecKOH HayKH HacToaTejibHO Tpe6yiOT ray6oKOH Kpn- 
thkh h pemHTejibHoro pa3o6jiaHeHna Bceii CHCTeMbi TeopeTHHecKHX 
B3rjiaqoB SiminTeima h ero nocJieqoBaTejieH 3HHiirreHHHaHqcB, b o6nacTH 
(J)H3 hkh, a He npocTo oTqenbHbix hx 4>hjioco<}>ckhx BbicKa3biBaHHH. M/iea- 
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JIHCTHHeCKHe B033peHIM 3HHmTeHHa H 3HHIIITeHHaHqeB 3aB0qflT 4>H3me- 
CKyio Teoprno b 6e3bicxoqHbiq TymiK. Pa3o6jiaqeHHe peaKqqoHHoro 3 hh 
qiTefiqqaqcTBa b o6nacTM (J)M3qqecKoq qayxq - oqqa M3 qaq6onee aKTy- 
anbqbix 3aqaq coBeTCKqx c[>h3hkob h (J)qjioco(J)OB" 

cDqjioco(J)CKMe 'Bonpocw coBpeMeqqoq (Jih3hkh, II.B.Ky3HeqoB 

(ctp.46), Hsq. AH CCCP, 1952. 

4. KHHeMaTHKa hjih peajibHoro npocTpaHCTea. 
Hcxo^Hbie nocTyjiaTbi 

H3yna a arwcnna b OKpy>KaK)meH Hac q c ii ct b q TCHb q o c t q. hcjiobck o6Hapy- 
>khh, hto MCxaqq'iccKqc HBJicqqa ocTaioTCfl Hen3MeHHBiMH b qBiDKymuxcJi otho- 
CHTenbHO qpyr qpyra paBHOMepHO h npjiMonHHeHHO 3aMKHyTBix HHepipiajibHbix 
CHCTeMax 0 Tc i icTa (KOHeHHo, iqccb qcooxoqqvio qaTb hctkoc onpeqenemie bcgm 

HCXOqHBIM nOHJITHJIM HHepUHajIbHOH H HeHHepUHOHHOH CHCTeMLI OT'ICTa npH- 
MeHHTenbHO k peanbHOH qeHCTBHTeiibHOCTH h ochobhbim qcxoqqbiM KqqcviaTq- 
necKHM noHJiTiuiM, ho 6o:iee qeTanbHo sthm BonpocaM 6yqeT nocBJimeH BTopoil 
UHKJi pa6oT [1-10]). HenpaBOMepHO o6o6iqnB sth anqcqqa Ha Bee ypoBHH He- 
ocHiacMoil MaTepHH (b ocHiacvioil BOiqyqnioq MaTepiianbHOH cpeqe, qanpqvicp. 
qaace Mcxaqq'iccKHc fiBJiemw b HHepqHanbHbix cucTOMax OTcneTa, b o6iqeM, He 
ocTaioTca HeH3MeHHBiMH), cy6beKT BBoqiiT oninOoHHoe noHJiTue ibvHflaMeH- 
TajlbHOrO d)H3HHeCKOrO ll|]HHHmia OTHOCHTejibHOCTH. H, KaK CJTCqCTBHC. Ha 
ypoBHe qcocaiacMoil paHee hcjiobckom cpeqbi tbinii'iecKoi o BaKWMa , ho skc- 
nepHMeHTajiBHO o6HapyacHBaeMOH yace b HacToamee Bpcvia. npqqqqn othoch- 
TeJiBHOCTH OKasajicsi HenpuMeHHMbiM, npiiBeqa coBpeMeHHyio c|)H3HKy k TOMy 
TymiKy, KOTopbiil cyiqecTByeT b HacToamee Bpcvia. Boo6iqe to, KaK ynoMHHa- 
jiocb yace Bbirne, b (|)H3H'icckoc noHJiTue miHHumia OTHOCHTejibHOCTH BxoqsT 
qBa ocqo b onoqaraionmx yTBepacqeHHfl, (jjyHqaMeHTajibHaa 3HaHHMOCTb KOTopbix 
cymecTBeHHO pa3JiHHHa. 

IlepBoe yTBepacqeHHe npHHijHna OTHOCHTejibHOCTH rnaciiT, hto Bee jib- 

JieHHJI MeXaHHKH, KBaHTOBOH MeXaHHKH, OnTHKH, 3JieKTpOqHHaMHKH OCTaiOTCH 
HeH3MeHHbiMH b HHepuHajibHbix CHCTeMax OTcneTa. <t> y 11 q a m cot an b qo c 3Hane- 
HHe 3 toto npHHHHna, qo ypoBHa qncKpeTHOH cpeqbi cj)H3HHecKoro BaKyyMa 
BKJiioHHTejibHo, ocTaeTca cnpaBeqquBOH tojibko qqa (j)H3HHecKH nonHocTbio 
SKBHBaneHTHbix peajibHbix KaK HHepqHajibHbix, TaK h HenHepqHajibHbix CHCTeM 
OTcneTa. TaKHMH CHCTeMaMH OTcneTa b peanbHOH qcqcTBqTciq>qocTq aBqaioTCfl, 
HanpHMep, CHCTeMbi OTcneTa, cBHiaqqbic c noBepxHOCTbio npocTpaHCTBeHHO 
yqancqqbix qpyr ot qpyra oqHHaKOBbix MacciiBHbix rpaBHTiipyioinHX Ten. Ha¬ 
npHMep, cucTeMa OTcneTa, CBfljaqqaa c noBepxHOCTbio MacciiBHoro rpaBiiTH- 
pyioiqero Teaa 3eMqq, h npqviepqo 3KBHBa:ieHTHaa cucTeMa OTcneTa, cBsraqqafl 
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c noBepxHOCTtio MacciiBHoro rpaBHTupyiomero Tena Mapca, mo>kho CHHTaTB 
npaxTHHecxii <|)H3 hhcckh 3KBHBajieHTHBiMH CHCTGMaMH OTcicTa, b xoTopBix nep- 
Boe yTBep>K/ieHHe npnimnna othochtgjibhocth ocTacTca cnpaBC/uiHBBiM. Ho sto 
npHMep TOUBKO HaGTHHHO (|)H3H'ICCKH SXBHBaneHTHBIX CHCTeM OTC'ICTa, MCVKpy 
TeM Kax cymecTBOBaHHe naeanBHBix sxBHBaneHTHBix chctcm oTcicTa ManoBepo- 
jitho. B namiBix oxBHBaneHTHBix ycnoBiinx Kax BOi.Tyx (aTMoa|)cpa), Tax h 6o- 
nee Menxan cpeaa c|}H3HHecxoro BaxyyMa Ha noBepxHOCTH rpaBUTupyiomux Ten 
nojiHocTBio yBnexaioTCJi sthmh TenaMH h 6yayT sxBHBaneHTHBi nonHocTBio 
3aMKHyTBiM CHCTeMaM OTcicTa, yBncxaioirmx c co6oh MaTepnajiBHyio cpcny. 
Ohih6kh A. BiTiniiTCHiia 3aKJiio'iaioTai b tom, hto bo Bcex cbohx mbichhmbix 
3KcnepnMeHTax c noxoairniM hgh h c nBnvxyirmMnc5i cucTeMaMH oT'ieTa b CTO 

OH HHKOT^a He CBJI3BIBan HX C rpaBHTaHHOHHBIMH nOJTHMH H rpaBHTHpyiOmHMH 
TenaMH, C KOTOpBIMH npaKTHieCKH npHXO.THTCSI HMeTB ncno B IIOBCC/IHCBIIOH 
peanBHOH a c ii ct b htcji b 11 o ct h . A. Ohiiiiitchii Tax h He cmot ycTaHOBHTB iianH'iHH 
TieHCTBHTenBHOH (|)H3HHCCXOH CBH3H MC'/K/iy 3.1 C KT pO M 3 TIII-IT11BIM H H TpaBHTaHH- 
ohhbimh nonHMH. IIosTOMy npHMeHHTenBHO x yen obhum Ha noBepxHOCTH 3eMnn 
B CBOHX MBICnHMBIX 3XCnCpHMCIITaX OH He BH.TCn eymeCTBeHHOTO OTnHHIW Me>X- 
py cucTeMOH OTcicTa, ciiHiaimoH c noBepxHOCTBio MacciiBHoro rpaBHTHpyiome- 
ro Tena 3eMnn, h aBiDxymeiicn OTHOCHTenBHO Hee paBHOMepHO h npaMomiHeiiHO 
H CBSI iailllOH TOnBXO C KOOp.THIiaTIlOH CHCTeMOH H a6cTpaxTHBiM iiaoniopaTcncM. 

Bionoc \TBcp>Kjennc imiiHHiina oTiiocuTe-ibiiocTii raaciiT, hto ypaBHe- 
HHfl MeXaHHXH, XBaHTOBOH MeXaHHXH, OnTHXH H 3HCKTDOH HI la MH KH OCTaiOTCfl 
HeH3MeHHBIMIl RJISL flBH)XymHXC5I OTHOCHTenBHO flpyT Zipyra HHepHHanBHBIX CHC¬ 
TeM OTcneTa. K coxanemiio, b peanBHOM oxpyixaiomeM Hac npocTpaHCTBe hh 
o^Ha TOHxa npocTpaHCTBa cpeziBi (J)H3HHecxoro BaxyyMa He MO>xeT 6bitb b <J)H3h- 
necxH 3XBHBaneHTHBix ycnoBHJix b noxonmeHcn h aBiDxymencfl OTHOCHTenBHO 
Hee xax HHepuHanBHO, Tax h iicHiicpnHanbiio cucTeMax OTcicTa. IIosTOMy b pe- 
anBHOM oxpy>xaK)meM Hac npocTpaHCTBe, npn aonymemiH cymecTBOBaHiw b 
Hen nio 6 oH (jiopMBi HenpepBiBHOH MaTepnanBHOH cpc.TBi, BTopoe v i Bep/K/ieHHe 
npHHUHna othochtcjibhocth HBJineTCH iioodmc He npHMeHHMbiM hh b oa- 
hoh TOHxe peanBHoro npocTpaHCTBa h stot npiiHunn nurneH xaxoro-nn 6 o 4>yH- 
naMciiTanBiioro iiia'icimsi. BBcneiiHC c|)y 11 /i a m c n t an b 11 o ro noHjmin HHBapnaHT- 
HOCTH ypaBHeHIIH B c|)H3HXe B nOnHOM BH.TC OXa3anOCB B03M0)XHBIM nocne TOTO 
anpuopHoro aonymeHiin, xoraa 6 Bina npiiHATa xoHuenHun OnHHiTeHHa nonHO- 
ctbk) OTKaiaTBOi ot cymecTBOBaHiui b npocTpaHCTBe nio 6 oH MaTepnanBHOH epe- 
pBi-3(|)Hpa. Hmchho ana aocomoTiio nycToro npocTpaHCTBa, b OTcyTCTBHe rpa- 
BHTHpyiOmHX Ten, yTBCp'/R'.TCIlHC 06 HHBapHaHTHOCTH ypaBHeHHH MeXaHHXH H 
snexTpoflHHaMHxn oxa3BiBaeTcn aonycTHMBiM, oaHaxo nonBiTXH nepeHoca cnea- 
ctbhh Taxon Teopmi Ha peanBHoe npocTpaHCTBo npniionuT. xax H3BecTHo, x He- 
pa3peniHMBiM napa/iok'caM. 
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"...Ecjih 6bi jiBJieHHe CaHbaica 6 wjio OTKpbiTO paHbrne, qeM BbiacHH- 
jincb HyneBbie pe3yjibraTbi onbiTOB BToporo nopaqica, oho, kohchho, pac- 
CMaTpHBajiocb 6 bi KaK 6jiecTamee SKcnepHMeHTajibHoe qoKa3aTejibCTBO 
HajiHHHa 3(J)Hpa... Ha Bonpoc o tom, yBJieKaeTca jih 3(J)Hp 3eMJieH b qejioM 
hjih HeT, onbiT CaHbaKa He pa3pemaeT. ... TKenaTeneH 6biJi eme oqHH ohht 
nepBoro nopaqica c 3eMJien b qejioM b KanecTBe Bpanjaionieroca TeJia". 

Aicaq. C.II. BaBHJioB. Co6p. con., t. IV, 1954, c. 60. 

Korqa 6 biji npoBeqeH h TaKOH onTiiqecKHH onbiT... - "... TaKHM o6pa- 
30M, nepeq hbmh CHOBa nojiTOKHTejibHbiii 3<J)cj3eKT, caM qo ce6e c nopa3H- 
TeabHOH TOHHOCTbro noqTBepacqaionqiH qpeqqoJiTOKCHHe o HeyBJieKaeMOM 
3(J)Hpe, OTCTaionqiM qpn cyTOHHOM Bpaniemin 3eMJiH". 

Aicaq. C.H. BaBHJioB. Co6p. con., t. IV, 1954, CTp. 60. 

"...Korqa roBopaT 06 SKcnepHMeHTajibHOM qoqTBepacqeHHH Teopmi 
OTHOCHTeJIbHOCTH, TO (J)H3HK-MaTepHajIHCT HMeeT B BHqy COBCeM He TO, 
hto xoTaT npeqcTaBHTb 3HHnrreHH h SHHnrreHHHaHHbi. Bo3bMeM, Hanpn- 
Mep, H3BecTHbiii (J)aKT H3MeHeHHa BpeMeHH pacnaqa qBiDKynieroca Me30Ha 
no cpaBHeHHio co BpeMeHeM pacnaqa noKoanjeroca Me30Ha. ,H,Jia 3 hh- 
niTeHHa qeao 3aKJnoqaeTca b tom, hto Ha 6 jnoqaTeJib "oTHec" Me30H k 
qpyroil cncTeMe KoopqHHaT, 33 bhchmocth ot stoto h BcaeqcTBHe stoto 
npoH3onuio H3MeHeHHe ckopocth pacnaqa Me30Ha. 

<I>H3HK-MaTepHajiHCT noHHMaeT 3tot (J)aKT coBceM no-HHOMy. BpeMa 
pacnaqa Me30Ha CTaao hhbim noTOMy, hto qBHXcynrHHca Me30H - sto Me- 
30H, cyniecTBytonqni b qpyrax ycaoBnax, b qpyrnx CBa3ax h OTHomeHnax 
k OKpyxcaionqiM ero MaTepqajibHbiM TeaaM. nosTOMy y Hero h qpyraa 
puTMHKa npoqeccoB, nosTOMy h BpeMa pacnaqa y Hero qpyroe». 

Ky3HeqoB II.B., TepaeqKHH fill. cpiuiococjrcKHe Bonpocw coBpeMeH- 
hoh (J)H3HKH. - M.: Haq-BO AH CCCP, 1952. -C. 71. 


8. Hoeaii HHTepnpeTapiiH onTHHecKiix h peJiflTHBHCTCKHX 

HBJieHHH 

C yicTOM peajibHocTH cymecTBOBamia mh person cpc/ibi (|)H3H'rccKoro Ba- 
KyyMa h npcn\fyiqecTBCimi>ix chctgm OTC'iCTa, cBa3aHHbix c MacciiBHbiMH rpa- 
BUTupyroiquMH TenaMH, hhoh (|)H3H'icckhh cmbicji BKjra/ibiBacTca b nocTyjiaT 
nocTQHiicTBa ckopocth CBCTa . B jqoooir peanbHOH MaTepiianbHoii epeqe cko- 
pocTB ncpc/iaqq bojihobbix npoqeccoB rsccrqa cBa3aHa qcnocpcqcTBCiino c MaTe- 
pnajibHbiM HOCHTeneM. Anajion-i'inaa c my aqua HMeeT MecTO h tut a 6onee toh- 
koh MaTepnajibHOH cpexibi tj)H3HHecKoro BaxyyMa, KOTopaa onpeqenaeT co6oh 
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cymecTBOBamie ripen viymecTBcn noil chctcmbi OTCHCTa, otiiochtchmio KOTopoii 
OTCiHTbiBacTca CKopocTt bouhobbix nponcccoB, nponcxonanuix b cpcnc. ITo- 
Koainaaca othochtgjibho noBepxHOCTH MaccuBHoro rpaBHTupyiomero Tena 3eM- 
nn 3JieKTpoMarHHTHaa cpe,na c[)H3HHecKoro BaxyyMa onpenenaeT nocToaHCTBO 
CKOpOCTH CBeTa H 3JieKTpOMarHHTHBIX BOHH TOUBKO OTHOCHTeUBHO noBepxHOCTH 
3eMHH (T.e. OTHOCHTenBHO cavion cpc/ibi (|)H3HHecKoro BaKyyMa). EcTecTBeHHoe 
ooi.acnennc nonynaioT Bee nyneBBie TKcncpiivicnTBi VfaiiKenBeona, TpoyTOHa- 
Ho6na 11 ananoriiHiiBie hm npyrne sKcncpiivicnTBi [2,3, 56-71]. EcTecTBeHHoe 
o6tacHeHiie nonynaioT h n 0 jiwkhtgjibhbic pe3ynBTaTBi onTiinecKiix ontiTOB Tu¬ 
na CaHBjnca [58-66], hto ckopoctb CBeTa ocTacTca nocToaHHon toubko othoch- 
TeJitHO noBepxHOCTH 3eMnn. Ohbhhcckhc CBOHCTBa npocipaHCTBa c|)H3HHCCKoro 
BaxyyMa OKono 3eMnn onpenenaioTca npeoGna^aiomeH ee rpaBHTaiiHOHHOH 
Maccon h BpameHiie npn6opa CaiiBHKa othochtojibho noBepxHOCTH 3eMnn, Mac- 
ca KOToporo hhhto>kho Mana no cpaBHeHino c Maccon 3eMJin, yace He onpencna- 
eT CBoncTBa npocTpaHCTBa n ckopoctb CBeTa OTCTaeT ot npn6opa. 

C yiCTOM ncpBoro vtbcp/Kjciihh npinimma OTiiociiTc.ibiiocTii nocTynaT 
nocToaHCTBa CKopocra CBeTa ocTaeTca cnpaBemniBBiM toubko Zina c[)H3HHecKH 
nOJIHOCTBK) 3KBHBajieHTHBIX KaK HHepunajiBHBix, TaK n HenHepiinajiBHBix CHCTeM 
OTcneTa. A TaK KaK b peajiBHOM cnynae nonHon SKBiiBaneHTHOCTH c[)H3HHecKHX 
CHCTeM cymecTBOBaTB He MoareT, to npiiHiinn nocTosnicTBa cKopocTii CBeTa Te- 
pacT cBoe 6 bijioc o6mee ([lynnavicnTajiBnoc ina'icnne. npniiHviaa bo BHHMaHne, 
hto BennHima CKopocTii CBeTa Ha noBepxHOCTH rpaBHTupyiomero Tena onpene- 
naerca eme n Maccon rpaBHTupyiomero Tena, to nocTynaT nocToancTria cKopo- 
CTH CBeTa MOaCHO /lOnyCTHTB. B KaKOM-TO npn6nH>KeHHH, npiIMeHHMBIM TOnBKO K 
y/iancniiBiM npyr ot npyra cncTeMaM OTCHCTa, cBHiannBiM c onmiaKOBBiMii rpa- 
BHTaiinoHHBiMH nonaMH. 

B paMKax hobbix npcncTaBncnnii o nocTynaTe CKopocTii CBeTa h npnnnnnc 
OTHOCHTenBHOCTH naxorniT. iiaKoiicn. saKon'icimoc ([ihbhhcckoc oOBncncnnc 
MHorne onTii'iccKirc arincnna KaK b OKono3eMHOM, TaK h b kocmhhcckom npo- 
CTpaHCTBe [56-71]. C yneTOM onpenenaiomen ponn cpe^Bi c[)H3HHecKoro BaKyy¬ 
Ma b acTpoHOMnnecKiix onTii'iccKiix naorno/iennsix iiaxomiT nonHoe ([hiihhcckoc 
o6i>acnennc arineimc aGeppaunn CBeTa bbci/i, b tom nncne napa/ioKC c a6eppa- 
iuicii CBeTa .tbohiibix ibcs/i [2]. H3bcctho, hto iiaomonacviaa BennHHHa a6eppa- 
HHH CBeTa 3BC3.T onpe,o,enaeTGn, b ochobhom, TonBKO co6cTBeHHon op6nTanBHon 
CKopocTBio 3eMnn, vioKny TeM KaK co6cTBeHHBie CKopocTii .tbh'/Kciihsi caMiix 
3BC3/I, KOTOpBie MOTyT HMeTB H DBICTpOMCnaiOIlUICCa CKOpOCTH .TBH'/Keniia. no- 
neMy-TO nonHOCTBio ncKnio'iaioTca npn iiaoniopennax. CoocTBcnnaa noKamniaa 
npcuviymccTBcnnaa cucTeMa OTCHCTa, cBsmnnan c Bpamaiomnvica no op6iiTe 
MacciiBHBiM rpaBiiTiipyiomiiM TenoM 3eMnn, aBnaerca onpeaenaromen chctcmoh 
OTcneTa npn ncpcxo/ic nyna CBeTa H3 noKanBHon OKonoconHeHHon cncTeMBi ot- 
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c'iCTa b jTOKanMiyio oKoaoiCMiiyio CHCTeMy OTCiCTa. AocppaiiHoniibic >Ke ')(])- 
(])CKTBI OT COOCTBCIIIIMX .TBHVK'CIIHH yijaneHHBIX jBCj/I (b TOM HHCne H flBOHHBIx), 
onpc/icaaioTca toubko cooctbciiiibimh noKanBHBiMH CHCTeMaMH OTCiCTa jthx 
3Be3/i, KOToptie ansi yzianeHHoro 3eMHoro Ha6nio,naTena npaKTHHecKH He Ha6nio- 
/racMBi. C y'iCTOM peanBHBix ycnoBHH BiaHNionciicTBua .aBHVKymcroca hctohhh- 
Ka CBeTa co cpenoii (|)H3HHCCKoro BaKyyvia naxoni-iT y,TOBacTBopHTca biioc o6b- 
Hcncime onTH'iecKoc HBaeiiHC noncpcnioro 3cj)cj)eKTa /Jonnepa [2]. HnKaKoro 
KHHeMaTHHecKoro penjmiBHCTCKoro nonepeHHoro 3(j)(|)eKTa /],onnepa b npupozie 
He cymecTByeT. llpH .tbhvk'ciihh HCTOHHHKa bojih a 1060 h npuponw b oniropon- 

HOH MaTepHajIBHOH Cpe.TC npOHCXO.THT CCTCCTBCIinaH ,TC(|x)pMaHH51 BOJIHOBBIX 
npoiicccoB (H3MeHeHHe ckopocth h HanpaBneHHJi pacnpocTpaHeHHJi bohh). AHa- 
noniHHan (J)H3HHecKaH CHTyauiDi HMeeT Mecra h npn pacnpocTpaHeHHH CBeTa b 
cpc/ic (|)H3H'iccKoro BaxyyMa [2, 3]. HaBHiamiBiii >Ke k h n e m ht h h c c k h h penjmi- 
BH3M nycToro npocTpaHCTBa CTO, npHMeHHTenBHO k ohthhcckhm nBaemiJiM b 
peajiBHOM 0K0H03eMH0M npocTpaHCTBe, BBinyvKHCimo OKasBiBacTai cbhbhiiiibim c 
TaKHMH peJiaTHBHCTCKHMH, noriiHecKH ni-iKor/ia He pa3pemHMBiMH napaziOKcaMH, 
KaK O.THIiaKOBOCTB CKOpOCTeH CBeTa B .TByX .TBH/KymHXCH OTHOCHTeUBHO apyr 
ppyra cucTeMax OTCHCTa. 

O'lcpc.Tiroii pennTHBHCTCKHH napa,TOKC - iaMC/iacnnc BpeMeHH pacna/ia 
.TBHVKyincrocH Me30Ha, b /ic ii ctb urea bhocth, 3aBHciiT He ot tohkh 3peHHJi Ha- 
6alo/iaTcaa-cy 6 b c ktb, KaK sto npHHJiTO CHHTaTB, He HMeiomero HHKaKoro otho- 
rneHHJi k (J)H3HHecKOMy npoueccy pacna^a Me30Ha, a 3aBHCHT ot toto, hto zibh- 
>KymHHC5I B (|)H3HHCCKOM BaKyyMe Me30H IiaXO.THTCa BO B3aHMO,TCHCTBHH C 3TOH 

cpcaoiT b pe3ynBTaTe Hero h bchc;ictbhc Hero HiMcnaioTca h (|)H3H'icckhc npo- 
ueccBi, npoHcxo.THiHHC b caMOM Me30He. HnKaKoro HiMcneima npunyMannoH 
caMHM >Ke cy6BeKTOM chhiihhbi BpeMeHH b nBHVKymciicsi cucTeMe oTCHera He 
npoHcxo.THT. ho ecnn BpcMH yMBiHuieHHo CHHTaTB He cy6BeKTHBHBiM a6cTpaKT- 
hbim napaMeTpoM, a KaKHM-To (|)H3H'icckhm, an k TOMy *e eme iaBHcamuM ot 
cy6BeKTa napaMeTpoM, to mbi pie hct b htch b iio nonyHHM Te a6cTpaKTHBie bbibo- 
ZIBi, KOTopBie 6bdih noayHCHBi A. OiinmTCHnoM. Eonee Toro, HMeHHO no npiiHH- 
He 0(J)H3HHHBaHHJI Cy6BeKTHBHOrO riapaMCTpa BpeMeHH B (|)H3HKC nOJIBHnOCB 
napazjoKcanBHoe noMTHe pe.iHTHBHCTCKOH Maccbi , T.e. MaccBi, KOTopan yBe- 
HHHHBaeTCH C VBCnHHCIlMCM CKOpOCTH .TBHVKCIIHH Tena. ComaCHO 3TOMy aocypn- 
HOMy BUBoay tcopcthhcckoh <J)H3hkh XX BeKa, aiooaa MaTepnanBHan tohk3 npn 
ckopocth CBeTa MO)KeT npno6pecTH 6ecKOHeHHyio Maccy. B /ic ii ct b men b no cth 
>Ke, npn ziBiPKeHHH nio6oro Tena hjih sjieKTpuHecKoro 3apjma b cpene cj)H3HHe- 
CKoro BaKyyMa, B3 a h m o n c ii c t b m c ero c rioKosnunxmcsi TenaMH h iapmaMH 
yMeHBHiaeTcn 3a chct ,TC(|>opMaiu-m b (|)H3hhcckom BaKyyMe hx co6cTBeHHBix 
nonen, b pe3ynBTaTe ansi 3 kbhb aaen t noro OTKaoiieima sthx Ten h iapa.aoB Tpe- 
6yioTCfl y>Ke 6onee cnnBHBie B03zieHCTByiomHe nonn, hto npHBoaHT k Ka>Kyme- 
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Myca scjxjieKTy yBemiHefflia hx Maccti. Ecjih b paMKax oOmenpiiHaTtix penara- 
bhctckhx npeziCTaBneHHH 3 Chctbhc chjibi Ha Maccy OTpaacaeTca H3BecTHOH pe- 
JMTHBHCTKOH (|) V11KIIII011H3 B110 M 33BHCHMOCTBK) B 13,33 

( \ 


F = 


■JFr 2 


'C 


(33) 


TO RJIfL OTpaaCefflia 3CilCTBIITC3BII0r0 (|)H3HHCCKOrO npoiiccca B3aHMO,TCIICTBIIa 
3BiiacymeHca b cpezie c|)H3HHecKoro BaxyyMa Maccti m 0 30CTaT0HH0 nepeMecraTB 
pa^HKan c npaBOH nacTH b jieByio: 


F-yJl-V 2 /c 2 =m 0 w. (34) 

BnoiiHe ecTecTBeHHO, paBeHCTBO npaBOH 'iacm jieBOH npn stom He iiivieiiHTca, 
03II3K0 (|j 13 3 H 'ICC K IT IT CMBIC3 paBeHCTBa OKa3BIBaCTCa yace CymeCTBeHHO 0T3HH- 
hbim. IIpH 3 BH>KeHHH Telia MaccoH m 0 b cpexie tj)H3HHecKoro BaxyyMa b peantHOH 
^eHCTBHTentHocTH imienacTca He ero Macca m 0 , a cii3a F B3aii\io,3ciicTBna jto- 
ro TC33 C BO 33 ciiCTByIOIIIHMH Ha TC30 11033 MH. KaK 0BI30 nOKa3aHO riBIHIC, 3 C- 
(JiopMauHa sneKTpHHecKoro nona 3 Biiacymeroca b cpe^e c[)H3HHecKoro BaxyyMa 
sneKTpHHecKoro 3apa3a yMeHtmaeT ciray B3aHM03eHCTBiia ero c noKoamiiMiica 

nonaMH KaK pa3 Ha BeaiiHHHy 3HaMeHHToro pa^HKana -Jl -V 2 /C 2 . A earn 3BH- 


acyrcn ,3B3 riia 11 m o3ciic t riyioi hh x 33CKTpn'iccKHx 3apa3a, to c yicTovi 3C(|)opvta- 
HHH HX 33CKTpII l I CCKHX 1103611 Cpa3y ace VCTaiiaMIIBaCTCa 11031313 H PC33BII0 
pcnicTpiipycMaa cii3a BiaiiMopciicTBiia vteac3y hhmh (hto riccBMa noKaiaTC3B- 
ho!!!), 6e3 yicTa cyinccTB0Bann3 TaK iiaiBiBacviBix vianiHTiiBix no3cii ,3Bii>Kyinc- 
roca lap33a [30, 31]. Hi npc.3CTaB3cinioro bbiiiic CTaiiOBiiTca Tenepi, ohcbiih- 
hbim, hto noHaTiie "MarHHTHoro nona" 6 buio BBe^eHO b <])H3HKy b pe3y3i>TaTe 
OTeyTCTBiia .TOCTaTO'ino nojmoro (J)H3HHecKoro npc3CTaB3ciinyi o CTaTHHCCKiix h 
3HH3MHHecKHX 33eKTpn t iccKHx nonax, KaK 06 3 tom npe.ay npcnyaH eme AMnep b 
CB oeM npo3op3HBOM npeflBH^eHHH. Hto sjieKTpiiHecKoe none 3Biiacymeroca 
3JieKTpHHecKoro aapa.Ta 3033310 cymecTBeHHO OTmiHaTtca ot aacKTpii'iccKoro 
nona noKoameroca 3apa,3a, b 33e kT po311 na\t 11 kc, b o6meM, H3BecTHO, Kor.ua Ha- 
xonaTca 3ana33BiBaioiunc noTcnniia3bi 33eKTpn l iccKoro nona 3Toro 3apa3a. O 3 - 
HaKO, Kor.ua onpc.3C3aioTca cii3Bi BiaiiMonciicTBiia \ic>K3y 3BH'/KymnMnca 3apa- 
33 mh, to noneMy-TO o 3C([)op via mm hx oneKTpiiHecKiix no3cii yace 3a6tiBaioT. 
FI op a 3 HTC3 b 11 bi m aBnaeTca to, hto 3a 33HTC3BiiBiii ncpno,3 CBoero pa3BHTiia b 
3JieKTpo3HHaMHKe HaKonneHO yace 3iiaHiiTC3Biioc kohii'icctbo no.TOOiiBix Biaii- 
MOHCKHIOHaiOIHHX pe3yJIBTaTOB, KOTOpBIC TpCOyiOT CBOeTO OOaiaTCHBIIOrO 
o6o6meHiia. FIpoiiccc BiaiivionciicTBiia .aBiiacyimixca b cpc,3C i])H3HHecKoro Ba- 
KyyMa aacKTpiiHCCKHX iapa.TOB 3aTparHBaeT co6oh uc3Biii pa3 coBepmeHHO ho- 
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bbix cjjyimaMeHTanBHBix jiBneHnii, KOToptie 6bijih ckpbitbi paHee 3a yicopeHHB- 
iiichch por\ioii «yBejiHHHBaK»meiicH \iacchi», o hcm oypcT cica3aHo eme iihvkc. 

BonpeKH ooincnpunsiTbiM npcpcTaBPciinsi\i 06 oTHocuTentHocTH sneKipo- 
MarHHTHBix HBneHHH, pna noKOHirnixcH b naSopaTopHon ciicTeMe oTcncTa (Ha 
noBepxHOCTH MaccuBHoro rpaBHTiipyiomero Tena 3 cmph) sjieKTpHHecKiix sapapa 
He npnoGpeTaioT chp MarHHTHoro B3anM0peftcTBH5i \ic>Kpy co 6 oh, ecnn hx pac- 
CMaTpHBaTB H3 P10 DO II PBH'/KymCIICSI OTHOCHTeUBHO nOBepXHOCTH 3eMPH CHCTe- 
MBI OTC'ICTa. BHe 3aBHCHMOCTH OT TOTO, H3 KaKOH PBH'/KV HICHCA OTHOCHTeUBHO 
noBepxHOCTH 3eMHH chctcmbi OTCiCTa pacc m a Tp h b a i o tc h noKoyiinHcea othoch- 
TenBHo noBepxHOCTH 3eMHH oneRTpunecKne Bapapbi. cnna KyuonoBCKoro 3JieK- 
TpH'ICCKOrO BiaHMOpeiiCTBUa MCVKpy HHMH OCTaCTCH HeH3MeHHOH. C apyrOH 
CTOpOHBI, KaK H3BeCTHO, pBa PPCKTpH'ICCKHX japppa. pBH/Ky IHIIGCH OTHOCHTeUBHO 
noBepxHOCTH MaccuBHoro rpaBHTiipyiomero Tena 3 cmph (b paoopaTopnoii chc- 
TeMe OTcneTa), HcnBiTBiBaioT Mewiy co 6 oh TpHBuajiBHBie chjibi MarHHTHoro 
B3aHMOpeHCTBHJI, 0711 ElKO 3TH CHUBI MaTHHTHOTO B33IIMOp C M C T BII . BOnpeKH 06- 
menpHMTBIM npCPCTaBPCIlHSIM. OCTaiOTCH HeH3MeHHBIMH pa"/KC B CHCTeMe OT- 
e l iCTa, cBHiannoii e eaMHMH PBH'/Kyinn\inc5i 3 jtckt p h i icckhmh lapapavni. /JaHHBie 
o6mne TcopcTH'iccKHc bbibopbi HaiHJin ce6e h npnMoe 3 k cncp hm cnTanb1 1 oc nop- 
TBep>KpeHHe b peanBHBix sneKTpopHHaMHHecKHx ycTpoiicTBax [72-74]. 

“...B HCTopHH HenoBenecTBa (ecjiH nocMOTpeTb Ha eee, CKaaceM, ne- 
pe3 qecsiTb Tbican JieT) caMbiM 3HaPHTejibHbiM co6bmieM XIX ctojicthu, 
HecoMHCHHO, 6yqeT OTKpbime MaKCBemioM 3aK0H0B 3JieKTpoMarHeTH3Ma. 
Ha (]>OHe 3Toro BaacHoro HaypHoro otkpwtim rpaacpaHCKaa BoiiHa b AMe- 
pHKe b tom nee pecaTHJieTHH 6yqeT BbirjisqeTb mcjikhm npoBHHquajibHbiM 
npoHinecTBHeM” 

(PeiiHMaH P., JleiiTOH P., Cshpc M. cPeHHMaHOBCKHe jickiihh no 
(])H3HKe, kh. 5. - M.: Map, 1977. - C. 27. 

9. H3BecTHbie IIAPA^OKCLI b 3JIEKTPOAHHAMHKE 
h hx PA3PEUIEHHE 

3a pjiHTenBHBiH nepiiop OBPapeimsi hcpobc'icctbom 33kohob 3JicKTpo\iarne- 

TH3M3, B 3P C K T p O P HII 3 MIIKC HaKOnHPOCB OTpOMHOe KOPH'ICCTBO paiPH'IIIblX Ka- 
khx-to He ooiiPCiiiiMbix. cTpaHHBix, napapoKcanBHBix 3P e K T p O M a r 11 II T11 b IX HBPC- 
HIIH, MHOTHM H3 KOTOpBIX pa>K'C P3II0 y>Ke eo6CTBeHHOe Ha3B3HHe - napapOKC 
yimnopapiioii niipyKiinnn. napapoKC Tpaiia|)op\iaTopa. napapoKC pcPbcoTpon- 
hbix reHepaTopoB, napapoKC T epHHra, ccKpcTbi yimnopapnoro pBiiraTCPa h T.p. 
B 3JieKTpopHHaMHKe H3BecTHBi paipupiibic pciicTByioiniie ycTpoiicTBa h spck- 
TpoMarHiiTHBie cucTeMBi, pa6oTa kotopbix po HacTOJimero BpeMeHH He HMeeT 
(])II3H'ICCKOrO OOI.flCIICIlHSE flpH'ICM, OOPbHIHIICTBO napapOKCOB B peaPBHBIX 
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3JieKTpoMarHHTHL>ix cucTeMax CBAiano, npcvKAC Bcero, c rpySeHimiM HapymeHH- 
eM b 3a e KTp o a hi r a m h k c 3JieMeHTapHtix 3aK0H0B MexaHHKH - oTcyTCTBHGM pa- 

BGHCTBa MCVR'Ay CHA3MH ACHOTBHA H npOTHBOACHCTBHA BO B3aHMOACHCTBHAX 
nOHTH AIOOBIX npaKTH'ICCKH HCnOAB3yCMBIX TOKOBBIX CHCTeM. H maBHaa npH'IH- 
Ha napa/ioKca abiiocth cofipcMCiinoil 3 a c k Tp o m a n i h t noii TcopiiH BaKAionacTCA b 
tom, hto npeAAOVKeimaA b CBoe Bpcvffl MaKCBennoM CHCTeMa ypaBHeHHH 3JieK- 
TpOAHIiaMHKH He ABAACTCA nOAHOH H He npHMeHHMOH AAA IIC3aMKIiyTBIX TOKOB H 
OTpe3KOB TOKa, O 'ICM n p C A) ; n p C VK A 3A eaM 3BT0p 3THX ypaBHeHHH. H TOABKO 
npOBCACIIHBIMH B 1970-X ro^ax TCOpCTHHCCKHMH HCCAC A O B a IIH AMM OBIAO, HaKO- 

iicii, o6Hapy>KeHo [1,30,31,55,88], hto b 3 a e kt po a h 11a m h k c cymecTByeT eme 
oahh bha HeH3BecTHoro paHee b iiayKC MarHHTHoro n o a a - cKaAApnoro MarHHT- 
hoto noAA h eme oahh bha MarHHTHoro B3aHMOAeiicTBHA - npoAOABHoro Mar¬ 
HHTHoro B3aHMO A C M C T B M A. HmCIIIIO npHHHH3MH HrilOpUpOBailHA eyineCTBOBailHA 
b 3JieKTpoAHHaMHKe Afiyx TiinoB MariiHTiiBix noAcii iienoepcACTBcnno CBAiaiio 
cyinecTBOBannc b 3 a e kt p o m a r i ih t i i bi x abaciihax napaAOKca c HapymeHHeM 
TpCTBCrO 3aKOHa MexaHHKH KaK B TeOpeTHHeCKOM, TaK H B 3 K c n C p H M CIIT a A BIIO M 
mane. IIpH ACTaABiiovi aiiaAHic oaiioto H3 TaKHX ycTpoilcTB eme AMnepoM Sh¬ 
ah CACAailBI CMCABIC BBIBOABI O IICOOXOAHMOCTH eyiHCCTBOBailHA eme oaiioto 
BHA a npoAOABiioro MarHHTHoro B3 a h m o a c ii c t b h a . Korapoe actko ycTpaiiAAO 
BBIABHBHIHeCA B 3KCnepHMeHTe IipOTHBOpC'IHA C 33KOH3MH MexaHHKH. OAHaKO 
Ha i])OHe oSmero npH3HaHHJi h rpnyMiJia ypaBHeHHH MaKCBeAAa, oSmero Teope- 
THHecKoro aHanH3a aahhbix scjxjieKTOB hh caMHM AMnepoM, hh ero nocAeAOBa- 
TeiMMH nporiCACiio He obiao. 

H3BecTHO, hto none BeKTopHoro noTciiiinaAa a b hvk ymeroc a aacktphhccko- 
ro 3apaAa abaactca ccjiepHHecKH cHMMeTpuHHOH cjiymomeH. OnpeAeAAA toabko 
OAny npocTpaHCTBeHHyio nponiBOAnyio iioaa BeKTopHoro noTcniiHaAa rot A, 
HenocpeACTBeHHO pacncTaMH ycTaiiaBAi-iBacvi cymecTBOBaHiie b npocTpaHCTBe 
okoao ABHVKymcrocA aapAAa H3BecTHoro paHee b HayKe BeKTopHoro MarHHTHoro 
noAA H = rot A, Korapoe a o k a a hi o b a n o, b ochobhom, b paAnaABHOM nanpaBAe- 
hhh ot ABHVKymcrocA iapAAa. OAHaKO b MaTeMaTHKe xoporno H3BecTHO, hto 
OAHa 'iacTiiaA npoiiiBOAiiaA rot A BeKTopa A He onpcACAACT stot BeKTop noAiio- 
ctbk), noKa He onpcACACiia eme h BTopaA HacmaA npoH3BOAiiaA div A. H KaK 
pa3 b CAynae iieiaMKiiyTBix tokob, otacabiibix sacmciitob TOKa h otacabiibix 
3apnAOB (crycTKOB iapAAOB HIM) BTopaA 'iacTiiaA nponiBOAiiaA 0Ka3BiBaeTCA He 
paBHOH Hynio div A = Hy ^ 0, h, SoAee Toro, HMeer pa3MepHOCTB HanpAVKeHHO- 
CTH MarHHTHoro IIOAA . YAHBHTeABHHM ABAAeTCA TO, HTO B (J)H3HKe 06 3TOM 6bI- 
AO, B OOIIICM. H3BeCTHO [32], OAHaKO AAA ypaBHeHHH MaKCBeAAa 3TO OBIAO He 
npHMeHHMO, TaK KaK OHH StlAH BBIBeAeHBI TOABKO AAA OnHCaHHA OAHOrO Mar¬ 
HHTHoro noAA rot A = H. CKaAApHoe ManiHTiioc noAe cymecTBeHHO OTAmiacTCA 
no CBOHM CB0HCTB3M OT H3BeCTHOTO BCKTOpilOrO MarHHTHOTO nOAA. EcAH o6bIH- 
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Hoe BeicropHoe vianiHTiioc none H b npoeipaHCTBe okoho nsnacymeroca 3apana 
pacnpencncno, b ochobhom, b pannantHOM ot nBnacymeroca 3apana nanpaBne- 
hhh, npn paBHBix nymo snaHennax no nanpaBneiimo .tbhvkciihsi 3apnna n npo- 
thb, to BTopoe CKanapHoe MamnTHoe none H : b npoeipaHCTBe okoho HBHVKyinc- 
tocji 3apnna pacnpencncno, b ochobhom, no nanpanncnnio .tbhvkciihm japnna n 
npoTHB, T.e. b tom HanpaBJieHHH, 171 c o obi hi roc BeKTopHoe MamnTHoe none Toac- 
ZiecTBeHHO paBHO Hynio. flpyrnMH cnoBaMH, tohbko onnoBpcMcniiBin yneT cy- 
inecTBOBaiiiBT BeKTopHoro H n CKannpnoro II, \ianiHTiiBix nonen naer, HaKO- 
Hen, nonHoe npencTaBneiiHC o Marm-miBix cBoncTBax n b n ac y 111 c ro c h iapnna. /Jo 
nacTOHincro BpcMcnn b (|)H3hkc He pa3pemeH napanoKG c HapymeHneM TpeTi.ero 
3aKOHa MexaHHKH b MariiHTiioM B'ianMoncncTBnn nfiyx nBH'/Kyinuxca nepncnnn- 
KynnpHo npyr npyry aneKTpnnecKnx aapanoB. C yncTOM ace CKanapiioro Mar- 
HHTHoro nona tcopcthhcckh n 3KcnepnMeHTani>HO ycTaHOBneHO eyinecTBOBaiiHC 
npcncKaBamioro eme AMnepoM hbhchhh iipononinioro MamuTHoro Baai-iMo/icii- 
ctbhh nBnacymeroca 3apana (Toxa), npn stom Bee ociiobiibic napanoKcaniniBie 
CHTyanun b snc kt ponn 1 1 a m n k c c HapymeHneM 3aKOHOB MexaHHKH nenco CHHMa- 
lOTca. 

SKcnepuMeHTantHO ycTaHOBneHO [30, 31] cymecTBeHHoe OTmiHiie 11 c[)H3H- 
necKHX cbohctb CKanapHoro MarmiTHoro nona ot H3BecTHoro BeKTopHoro Mar- 
hhthoto nona. Ecnn oOtiHHoe MarHHTHoe none npHTarHBaeT c[)eppoMarHHTHBie 
MaTepnanti, to CKanapHoe MarHHTHoe none c[)eppoMarHHTHBie MaTepnanti yace 
He npHTarHBaeT, ozjHaKO ot nepeMeHHtix CKanapHtix MarHHTHtix nonen 3(j)cj)eK- 
TBI 3neKTpOM3rHHTHOH HHnyKHHH CX05KH C 3(]xj)eKTaMH HH^yKHHH OT H3BeCTHBIX 
BeKTOpHBIX MarHHTHBIX nOHeH. HmCIIIIO OTCyTCBHeM B3aHMO,TCiiCTBH>T CKanapHO- 
ro MarmiTHoro nona c (|)cppoMarimTiiBi\m MaTepnanaMH movkiio o6tacHHTB tot 
(|)aKT, hto b Miioro'iHcnciniBix 3KcnepnMeHTax Oapanea no perncTpaunH Mar- 
HHTHoro nona /KenesHi.iMH onHJiKaMH CKanapHoe MarHHTHoe none hm He obino 
o6HapyaceHO. 

y.THBHTcnBiiaH napano kc an biioctb coBpeMeHHon 3n c kt p o n hii a m n k n 3aKnio- 
naeTca b tom, hto nance b paMKax H3BecTHoro n ooinenpi-myiToro ([lopNianniMa, b 
TeopeTunecKOM nnaHe, nerKO MoacHO nonyHHTt cymecTBeHHO OTnunaromneca 
npyr ot npyra pe3yni>TaTBi nna onHoro n Toro ace cnynaa MarmiTHoro B3anMO- 
nencTBna pcamniBix tokobbix cncTeM [30]. Onnaxo nance Taxne ([laKTBi He Mornu 
noKoncoaTB nc3Bi6ncMBic ycTOH 3ncKTponn 1 1 a m n k n, TaK KaK cminiKOM HHepT- 
hbim OKasanocB mbi nine line ynciiBix, CTapaTcnBiio oocpcraiomnx ycToaBmueca 
yace k TOMy BpeMemi B3rnanti. HanpuMep, MarHHTHoe B3aHMoneiicTBHe nsyx 
nBHacymuxca no on noil npaMoil sncKTpiniccKHX 3apanoB, c on noil CTopoiiBi, 
nonHOCTBio OTpniiacTCH b paMKax nopeiiiiCBCKHX npencTaBnemiH, Meacny TeM 
KaK pacneTaMH sucprun MarHHTHoro B3aHMoneHCTBiia sthx ace 3apanoB c no- 
Momtio npyroft i-nBecTHoil b oneKTponnHaMHKe tbopMynij nna oHeprini MarmiT- 
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iibix noneft nenco ycTaHaBJiHBaeTCJi He paBHan Hynio SHepnui MarHHTHoro B3an- 
MO/ieHCTBIM Me>K7iy 3THMH 3ap>maMH H CymeCTBOBaHHe Me>K7iy HHMH CHJIBI npo- 
joJiBHoro MarHHTHoro npHTgaceHira . Eme 6onee yziHBHTeiiBHO, hto tohho TaKOH 
)Ke BBIBO.H O CymeCTBOBaHHH Me>KZiy XlBIi>KymiiMHC5I no OZ1HOH npjIMOH 3apa^aMH 
He paBHOH Hynio nponojiBHOH chjibi MarHHTHoro BiaHMOjieHCTBHfl nerico ycTa- 
HaBJiHBaeTcs h H3 npyroro, TaK>Ke H3BecTHoro b 3jic ktpoji h 11 a mh kc cbopMajiH3Ma 
- noun BeKTopHoro noTeHimajia, oxmaKO KonHHecTBeHHaa BenHHHHa chjibi npo- 
^ontHoro npiiTJDKeHHJi 3apimoB apyr k zipyry b stom ejiynae OKa3BiBaeTCJi eme 
6oni>me. TaKan *e 6oni>maa enjia npoaontHoro MarHHTHoro B3aHMO^eHCTBH5i 
ycTaiiaBjiHBacTCfl h b paMKax, oniiTB >Ke, H3BecTHoro b 3JieKTpojHHaMHKe cbop- 
MajiH3Ma bhxpcbmx 3JieKTpnHecKnx nojien ztBH>Kymnxca no ozihoh npjiMOH 
3-3e kt p h r icc kh x sapH.TOB. AiiajiorHHiiMC npoTHBopciiisj npn pae'ICTaX MarHHT- 
HBIX CHJI B3aHMO,TcHCTBH3 OOIiapV'/KHBaiOTCSJ /ia>KC npn paCCMOTpeHIIH npOCTen- 
rnero cJiyHan B3aHMO^encTBHJi napajuieJiBHBix 3JieMeHTOB TOKa h tjp 

HacKontKO orpaiiHHcnbi 6 burn Harnu tcopcthhcckhc Tpa,THiinoniiMC npc/i- 
CTaBneHH5i o 3aKOHax 3JieKTpoMarHeTH3Ma, mojkho noKaaaTb Ha npiiMepe pacneTa 
chu MarHHTHoro B3aHMO/jeHCTBHa, HanpHMep, 3JieMeHTa npjiMonHHeHHoro npo- 
BOZIHHKa C TOKOM pOTOpa C MHHCHIIMMH yHaCTKaMH npOBOflHHKa C TOKOM CTa¬ 
TOpHOH 06 MOTKH B OObIHIIbIX IIOBCC/IIICBIIO HCnO-3B3yCMMX 3.3eKTpO.TBHT3TCMHX. 
3jieMeHTapHBie pacHCTbi noKa3BiBaioT, hto co CTopoiiM tokob nempex crapoH 
CTaTOpHOH 06 MOTKH Ha JlHIICHIIMH TOK B AKOpHOM npOBO.TIIHKC JICHCTByiOT He- 
Ttipe He paBHBie Hynio chubi, co3/iaBan cyMMapHBin BpamaioiimHCfl scjxjieKT. Oa- 
HaKO, ecjin b paMKax H3BecTHBix oomenpunsjTbix npcjiCTaBjjennii, onpencniiTB 
Bee MarHHTHBie chubi, jiciicTByiomne co ctopohbi TOKa miHeiiHoro npoBojinnKa 
nKOpn Ha HeTBipe CTOpOHBI npOBO.THHKa CTaTOpHOH o6mOTKH, TO IICOVKH.TailHO 
o 6 Hapy>KHM, hto Ha CTaTopHyio o 6 MOTKy .TciicTByiOT tojibko .tbc chjibi pcaKiuin 
tojibko Ha napaiuieiiBHBie ynacTKH npoBOflHHKOB CTarapa, Momiy TeM KaK Ha 
nepnen.THKyniipiiMC ctopohbi CTapTepa jiciicTByioT cuMMeTpuHHBie OKHMaioiiuic 
huh pacTuniBaiomnc yciiJiiM, KorapBie nojmocTBio KOMnencupyiOTca jkcctkoh 
KOHCTpyKHiieH CTaTOpHOH o6motkh. B pe3ynBTaTe cyMMapiiBiii Bpamaiomniica 
3cjx|)eKT HKopa h cyMMapnaa pearm-ia CTarapa oKaabiBaioTcn He paBHBiMH jipyr 
Xipyry. CornacHO H3BecTHBiM npeziCTaBJieHHJiM, noHTH bo Beex 3JieKTpojmnraTe- 
-3HX, KOTopBiMH nojJb'jycTca HenoBeHecTBO, rpyociimcM o6pa30M iiapymaioTCH 
3JieMeHTapHBie 3aKOHBi MexaHHKH, ho noneMy-TO niiKoro sto He GeenoKonno h, 
hto BecBMa y.BHBHTciiBno. hhkto 3Toro npocTo He 3aMeHan. IIpOCTO nopa3H- 
TejibHO, KaK 3 to see Morjio cocymecTBOBaTb b eiHTaiomeMCH b HacToamee 
BpeMH CTpOHHbIM H 3aKOHHeHHbIM 3/iaiIIIII HayKH 00 3JieKTpOMarHeTH3- 
Me?!!! CTaHOBHTcn ohcbhtuimm, ,to KaKOH CTcnenii (jiopMajiBHBiMH h a 6 cTpaKT- 
hbimh CTanH HaniH HayHHBie npeacTaBneHiui o 3aKOHax 3JieKTpoz(HHaMHKH, earn 
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nBHbie (J)H3HHeCKHe 3(j)(|)eKTi>I OKa3bIBaiOTCn I10JIH0CTBK) 3aByajIHpOBaHHBIMH no- 
BceMecTHO nponarai in h pyc mbim MaTCMaTHHCCKHM (J)opManH3MOM. 


10. 3KcnepHMeHTajibHtie nonTBepacnemia cymecTBOBamiH 
CKAJIHPHOrO MArHHTHOrO IIO.IM 

BnepBtie pcrucTpaiiHio (|)H3hhcckhx cbohctb nona BeKTopHoro noTeHiinana 
A b cnynanx rot A = 0, ho npn div A * 0 (T.e. b cnynanx He paBHoro Hynio cxa- 
nnpHoro MarHHTHoro nona H||!!!) yuanoct ocymecTBHTb b 1956 r. b 3Kcnepn- 
MeHTe AapoHOBa-BoMa [35]. Eonee tohhbih npcHHiHoniiBiii SKcnepuMCiiT 6biji 
ocymecTBneH b 1982 r. nnoHCKHMH <j)H3HKaMH, 3HaHHTenBHi>ie nononcHTenbHbie 
pe3yjn>TaTBi KOToporo yoc/inTcnBiio /lOKaiBiBaioT, hto none BeKTopHoro noTeH- 
unana A /iciicTBi-iTcnBno nBnneTCa oniio iiia'nioH c|)H3hhcckoh BcnnHi-moil. 0/nia- 
ko HHTepnpeTaiiHJi nononciiTenbHbix pe3yntTaTOB ontiTa AapoHOBa-EoMa ocho- 
BBiBanacb Ha /lonymeni-iH. hto sto aBnennc otiiochtch k p asp any hhcto KBaHTO- 
bbix 3cj)cj)eKTOB. Menyiy TeM Kax aHanorHHHBiMH ace 3KcnepHMeHTaMH c HaMar- 
HHHeHHBIMH TOpOH/iaMH [30, 31], HO no OCH KOTOpBIX BMeCTO CBOOO.TIIBIX 3JieK- 
TpOHOB nOMemajIHCb nOflBHnCHbie npOBOZIHHKH C TOKOM, 6bIJIO nOKa3aHO, HTO Ha 
noz(BH)KHbie npoBOflHHKH ^eilcTByioT TpHBHajiBHBie npoaonbHbie MarHHTHbie 
CHJIBI BiaHMO.TCHCTBHa H /laiTITOC aB-TCHHC HBJTHCTCH o6bIHHbIM KJiaCCHHeCKHM 
3(j)cj)eKTOM. HHTepeCHO OTMeTHTB, HTO CIHC 1961 r., He HMCfl .TOCaTO'IIlBIX (pyH- 
,Ta\TC I ITaJIB11BIX o6oCHOBaHHH eymeCTBOBaHIW B npocTpaHCTBe OKOJIO TOKOBOTO 
Topon.ua 6nonorHHecKH aKTHBHoro cicanapHoro MarHHTHoro noun h .nance He 
npennonaraa, hto sto none Boo6me nBJiaeTcn no npuponc CBoeil KaKHM-TO ho- 
bbim MarHHTHBiM noneM, cynep3 kct paccnc hthb EonoTOB E.B. cbohm CBcpx'iyB- 
CTBeHHBiM BocnpiMTHeM oEHapyncnn sto none h BnepBtie Ha3Ban ero EnononeM 
b CBn3H c ero oonwnoil 6HonorHHecKon aKTHBHOCTtio. EonoTOB E.B. nonaran, 
hto b npocTpaHCTBe oKono TOKOBoro Topoima, noMHMo oEtiHHoro MarHHTHoro 
nona BHyrpH Toponna, HHnymipyeTcn eme Kaican-TO /ie(])opMaHHJi 3(])Hpa Baicy- 
yMHoro npocrpaHCTBa [95]. To hto cine b CBoe BpeMn EonoTOB E.B. 6tm o'iciib 
6nH30K k noHHMaHHio /jeHCTBHTentHOH KaKOH-TO MarmiTHOH npuponti nona 
TOKOBoro Topoima (xoTa caM oh Ha3tiBan ero «He3neKTpoMarHHTHtiH areHT Mar¬ 
HHTHoro nona b Topoo6pa3Htix MarHHTHtix ccp/ic'iiTHKax»). bhhiio H3 Toro, hto 
b 1961 r. hm 6tm nocTaBneH SKcnepHMeHT c nyHKOM sneicrpoHOB, nponymeH- 
Htix nepe3 oTBepcTue TopoH/iantiioii o6motkh, KorapbiM nciicTBUTcnBiio 6bino 
o6HapynceHO cymecTBOBaHHe KaKoro-TO hoboto c|)H3HHecKoro nona. Ha ropno- 
BHHy sneKTpo 11 no-ny hcbo ii TpyOKH ocuunnorpacjia EonoTOB E.B. ira/icn Kontiic- 
boh sncKTpoManiHT c TopoHnanbiioii KaTyniKoil c TinaTcnbiio 3a3KpaHiipoBaH- 
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HbIMH OT MarilHTIlblX IIOTOKOB paCCeilBaHHJI MarHHTHBIMH 3KpaH3MH. Ha 3KpaHe 
nyneBOH Tpy6KH ocHHJinorpac|)a 6bino 3aMeTHO pa3HHHHoe noBepefflie sneKTpoH- 
Horo ny'iKa npn npoxo/Kpeniin ero 'icpci OTBepcrae Topa naManimieimoro 
3JieKTpoMarHHTa unii iiojihoctbk) pa3ManiH'icimoro. 

KaK 6y/iCT noKa3aHO HJDKe, c yncTOM cymecTBOBaimn cKannpHoro MarHTii- 
Horo nonn h fLBJiemw npoponbHoro MarHHTHoro B3aHMO,neHCTBHJi, coBepmeHHO 
HHyio HiiTcpnpcTaiiHK) nonynacT o6menpiiHJiTaji b (|)H3hkc Koimenimn nyanmiMa 
«HacTHua-BOJiHa» h bohh pe-Epoiinii. 

Hanunne npo/iomnibix cnn MarHHTHoro BiaHMO/iciicTBiin nBii'/Kyirmxcn no 
ocu Toponaa sneKTpoHOB c noneM BeKTopHoro noTeHnnana 6 bijio o6Hapy>KeHO b 
onbiTax A. Cony inina (r. HBaHOBo) [44]. B onbiTax F pano [36] 6biJio o6Hapy>Ke- 
ho aBH>KeHHe Mcpnoro npoBomiHKa B.TOiib HanpaBnemM Toxa b HeM. CymecTBo- 
BaHHe HBnCIIMH /IBH'/KCIIHSI npOBO/IHHKa B/lOIIb HanpaBHeHH5I TOKa B HeM 11071 - 

TBep>KjieHO b 3KcnepnMeHTax B. OKonoTHHa n J\. PyMJiHneBa [37]. npn uccne- 
POBaHHIl MarHHTHOrO BiaHMOHCiiCTBHa TOpOH/iaJIbllblX o6motok c tokom 
H.A. BepraHCKHM (r. Y conbe-Cnoiipc koc ) [51] 6bmo o6Hapy>KeHo mai-iMo/icii- 
CTBHe MOKpy co6oh ,tbvx pacnono>KeHHbix Ha op noil och ToponnoB b hx nonnx 
BeKTopHoro noTeHunajia, hto nopTBcpvKpano cymecTBOBaHHe rnaHMO/ieiicTBiisi 
CKairapHbix MarHHTHbix noneii ppyr c ppyroM. CymecTBOBaHHe 6onbmoro kouh- 
necTBa CTpaHHbix BiaiiMOTiciicTBim npoBo.mniKOB c tokom o6Hapy>KeHO b mho- 
roHHCneHHbix onbiTax P. CnranoBa [33], iicnpoTHBopcniBasi iinTepnpeTaimn 
KOTOpbIX OKa3bIBaCTCH B03M0>KH0H TOUbKO npH POnymCIlHH CymCCTBOBailHSI JIB- 
neHiM npo/ioninioro MarHHTHoro BiaiiMopciicTBun. Mnoromicneniibic 3Kcnepn- 
MeHTbi no PBHVKxnnio npoBopiiHKa Bponb HanpaBneHHH TOKa b CKannpnbix Mar¬ 
HHTHbix nonax ot npyriix npoBomniKOB h KOHTypoB c tokom, BpameHiie Konb- 
HeBbix pyr h KonbueBoro npoBopHHKa c tokom BpoJib HanpaBneHiia TOKa b HeM, 
peHCTByiomne Mopenn yHiinonapHoro reHeparapa h MOTopa Ha CKanapHbix Mar¬ 
HHTHbix nonax h ppyrne ycTpoiiCTBa onucaHbi b MOHorpacjuni [30, 31]. nonyne- 
ho 3KcnepnMeHTajibHoe nopTBep>K,Tcnnc cymecTBonanmi npononbiibix sncKTpo- 
MarHHTHbix bohh [53, 75, 93] npii H3MeHeHHii nepeMeHHbix CKanapHbix MarHHT¬ 
Hbix noneii h bo3mo>khocth npaKTiinecKoro ncnonb30Bann« npononbiibix 3JieK- 
TpoMarHHTHbix bojih nnn ocymecTBHeHiHi cneimanbiroil parmocBjrm. noKa3aHo 
cymecTBOBaHHe aBneHiia iinnyKium TOKa b ripoBonmiKax npn H3MeHeHiiH okoho 
hiix CKannpiibix MarHHTHbix noneii [30, 31]. 3aperHCTpnpoBaHO 6onee pccnTKa 
aBTopcKiix CBHpeTenbCTB Ha ycTpoiiCTBa [72,73,76-86] h nopaHbi pBe 33 hbkh Ha 
OTKpbiTim [87,88]. IloproTOBneHbi pecaTKii yne6Hbix Harnazmbix nocoGrai no 
HOBbiM HeH3BecTHbiM paHee b HayKe MarmiTiibiM aBneminM co CKannpnbivm 
MarHHTHbiMii nonaMH (HiDKe npnnaraeTca peicnaMHbiH npocneKT no yne6HbiM 
HarnnpHbiM noco6iiaM man HiKon h By30B). 
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YneSHBie Harjm^Hbie nocoonn 

II1KOJI H BY30B 

no Hen3BecTHbiM paHee b Hayice MarHHTHbiM 
H 3JieKTpOMarHHTHblM flBJieHHflM. 



AeMOHCTpauHH can npHTa*eHHsi 
CKajiapnoro Mannrmoro non* 



B3aHMo,aeficnina tokoux TpoaaoB 


ZleMOHCTpauHn hbjichmb npoaojibHoro 
MarHHTHoro BjaaMOfleHcTBHx 



AeMOHCTpauaa MaiHHnioii 
noteHUHajiBHofi 9 mu 


*5L' 

L ?! ■ 

L -t 


J^eMOHCTpailHOHHblH MarHHTHbiM HOflBCC 



ripoaojibHbie ajieicrpoMarHHTHbie bojihh 
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1 HeH3BccTHue b iiayice ftBjieHH* MarHHTHoro B^aHMo^eHCTBHa OTpe3KOB TOKa. 


fTPOflO/lbHblE PEAKUHJI 
M OKATHE 


MPOflOJIbUblE MPOAOJIbEHblE 

pA3PbiBAioiiiHE yron ocmmakhuhe yroji 


nPOAOJlbHblE 

PACTBniBAIOlUHF 



2. HeH3BCCTHbie b nayxc hbjichha m arum hoi o b3<ihmo>icmci bmh kohtypob TOKa. 
OTT AJIKHBAHME nPHTOICEHHE 



FI PUT JOKE HUE 


OTTAJ1KHBAHHE 


M, 

i 



{ + . 


,«K 

nPHTJOKEHHE 

OTTAJIKMBAHHE 


k 

k ^- 
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11. 3jieKTpoMarHHTHafl Macca 3JieKTpoHa h 
OrPAHHHEHHOCTL H3BECTHOrO 
OYH^AMEHTAJILHOrO 11P M till MII A 
3KBHBAJIEHTHOCTH 

Eme 6onee cepbcaiibic h3mchciih>t b t|)y n/ia mci raji b 110 ii c|)H3hkc o'/Kh;uiiotch 
npn paccMOTpeHira sue kt po m a r n ht n bi x cbohctb aacKTponori h no3HTpoHOB h hx 
3HepreTHHecKnx xapaKTepucTHK, iicnbiiocTb cTpyKTypBi Korapbix, c v'ictom cy- 
mecTBOBaHiM y hhx eme CKajiapHBix Marm-mibix nonefi, npnoOpeTaeT y*e 6onee 
3aKOHHeHHtiH Bim. Bbime, npn aHanH3e c|)H:iococ[)CKoro h c[)H3HHecKoro co/iep- 
VKaima noHJiTHJi viaccbb y>Ke OTMCianocb HCKJiioHHTeiiBHoe aiia'icuHe hmciiiio 
HH epUHOHHBIX 3JieKTpOMarHHTHBIX CBOHCTB SJICKTpHHCCKHX japjl.TOB B nOHHMa- 

hhh .TCHCTBHTCjibnoH npupoma unepnn h MaTepHajiBHBix Ten. Eme b Hanajie XX 
BeKa b (|)H3hkc 6buia H3BecTHa napa/joKcajiBHaa CHTyaima c k h ii ct h h cc ko il h 
MarHHTHOH ancpn-icH ,TBH'/KymcrocH 3apa,Ta ancKTpona, KOTopaa ocTacTca He 
pa3pemeHHOH BnnoTt ,to HacTOJimero BpeMeHH h KOTopan nenocpcncTBcimo 
CBH3aHa c noHSTHaMH rpaBHTamioHHOH h HHepuHOHHOH Maccbi Tea a. llapa/ioKC 
3tot 3aKaio l iacTCH b tom [1,30,31,55], Kax TaioKe OTMCianocb y>Ke bbiiiic, hto 
npn ycKopeHHH ancKTpona ,to CKopocTH V nonynaeMaa hm Ki-mcTHHCCKaH ancp- 
thji OKa3biBaeTCJi to'/K/icctbciiiio paBiioii paooTC, BaTpa'ieiinoH Ha ycKopeHHe 
3toto 3JieKTpoHa. Ho y xmiDKymeroca saeKTpoHa noaBJiaeTCJi eme SHepriui Mar- 
hhthoto nona, paBiiaa 2/3 ero noaiioii khiicth'icckoh ancpn-iH. Ha o6pa30BaHHe 
KOTopofi, Bp one 6 bi, 3HeprHH Boo6me He BaTpa'iHBanocb. JSpsi Bbixo/ia H3 stoto 
npoTHBopeHHJi 6bijio /lonymeno, hto sncprua MarHHTHoro nona jrajineTC a co- 
CTaBHOH HaCTBK) eTO KHHeTHHeCKOH 3HeprHH H HTO KHIICTHHCCKafl jneprua 3JieK- 

TpoHa toubko Ha 2/3 fLBjmeTCfi 3JieKTpoMarHHTHOH, a Ha 1/3 - MexaHHHecKoil. 
(3,TiiaKo sto /lonymciiHc npoTHBopennno Konncnnnn cnuncTBa cTpyKTypti 3JieK- 
TpoHa, nosToviy OpciiKcacM obiho npcaaovR’cno b cBoe Bpevia nonymciiHc [34], 
hto He nacTb, a bch KHiieTHHCCKaa aneprua ancKTpona nonnocTbio ancKTpoMar- 
hhthoto npoHcxo>KacnHa. Ho bourne nontiTKH HaHTH eooTBeTCTByiomyio skbh- 
BajieHTHOCTB 3HeprHH MarHHTHoro nona ancKTpoiia ero khiicth'icckoh ancpn-iH 
ocTajiHCb 6e3ycneniHBiMH. H toubko jihhib c yiCTOM hobbix npCTiCTa bjichh ii o 
cymecTBOBaHHH y sneKTpoHa eme CKajmpHoro MarHHTHoro noun 6bijio ycTaHOB- 
acno, hto cyMMapnaa jncpraa ,TByx TiinoB MarHHTHBix noneil ancKTpoiia 0Ka3a- 
JiaCB KaK pa3 TO'/KTlCCTBCimO paBHOH KHHeTHHeCKOH 3HeprHH jacKTpoiia. B CBOK) 
onepenB, sto npHBeno k ycTaHOBJieHHio eme 6onee (JiymiaMeHTajiBHoro BBiBona, 
hto bcji KHHeTHHecKaa SHepruji sneKTpoHa nonHOCTBio 3JieKTpoMarHHTHoro npo- 
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hcxoachchha h hto 3JieKTpoH (a TaioKe no3HTpoH) Boo6me He HMeeT rparsHTaiu-i- 
ohhbix cbohctb [11,89,90]. Mmca He paBHyio nynio unepuHoimyio SAeKTpoMar- 
HHTHyiO Maccy, 3ACKTpOH H n03HTp0H He HMeiOT eo6CTBeHHOH rpaBHTaHHOHHOH 
\iaccbi, hto, b cbok) oncpcAb, cTaBHT non coMHeHne yace (bvH.uiMemajibHOC i i, 
npHHUHna 3KBHBajieHTH0CTn . TeopeTHHecKH obiao npe.TCKasaiio h noica3aHo 
pacneTaMH [11,30,31,55], hto npn 3iiaHHTCAbHbix KonnenTpannAX 3JieKTpoHOB, 
HanpHMep, b KpHCTannHHecKOH pemeTKe npoBOAHiiKa, Kax 06 stom roBopiuiocB 
yace ribiinc. HiiepuHonnaA AACKTpoManiHTiiaA Macca OAiioro AACKTpona moacct 
npeBocxoziHTb H3BecTHyio Maccy noKOJi sAeicrpoHa 6onee neM Ha 10 14 pa3, T.e. 
oahh sneKTpoH no CBoeil Macce OKa3BiBaeTCA cpaBHHM c Maccoil nopAHKa 10 7 
npOTOHOB. Y.THBHTCAbllO. HTO 3TO MOACHO OblAO yCTaHOBHTb H jlia'IUTCAbllO 
paHBHie npocTbiviH pacneTaMH, ecAH nocinTaTb ancprino KaKoro-nnOo coachoh- 
Aa C TOKOM H paiACAHTb ee Ha Bee AACKTpOIlbl npOBO.AHMOCTH 3TOTO COACHOHAa. 
/JeAO B TOM, HTO BCA SHepTHA MaTHHTHOTO nOAA COJieHOH.Ha o6yCAOBACH3 TOABKO 
nOCTynaTeABHBIM ABHVKCIIHCM Bcex AACKTpOHOB npOBO.AHMOCTH npOBO.AHHKa 
C0AeH0H.ua. B pe3yABTaTe sthx npocTBix pac'icTOB iicovKHAaimo oyACT ycTaHOB- 
AeHO, HTO Ha OAHU ABH'/KyillHHCA C MaAOH CKOpOCTBIO 3AeKTpOH npOBO.AHMOCTH 
npHXO.AHTCA ([) AIITA C TII l I C C K a A SHeprHA, o6bACHHTB KOTOpyiO MOACHO TOABKO Ha- 
AHHHeM y SACKTpOIia TaKOH ACe (jjaHTaCTHHeCKOH HHCpiIHOimOH MaCCBI. IIpHHeM 
Taxaa HiaHHTCAbnaA AACKTpoMarniiTiiaA nnepnnonnaA Macca OAiioro SACKTpona 
npoBOHHMOCTH npoBOAHiiKa ooycAOBAcna, npevKAC Bcero, ero cy m viapnoil jncp- 
rHeil B33HMOACHCTBHA CO BCCMH np>THMH AACKTpOIiaMH npOBO.AHMOCTH npOBOA' 
HHKa. CyviviapnaA Ace 3AeKTpoviarn htii an nnepnnoimaA Macca Bcex SACKTponoB 
npOBOHHMOCTH COACHOHAa OKa'ibIBaCTCA TAK'/KC (|)AIIT3CTHHCCKOH, Ha MHOTO nO- 
pAHKOB npeBBiiuaiomeH rpaBHTanHonnyio Maccy Bcero COACHOHAa b hcaom, hto 
peaABHo ri o a t b e p >ka a c t cymecTBeHHyio orpaHHneHHocTB h3bccthoto tbviina- 
MeHTaAbHOTO IiPHHHHIia IKBHBa.ieHIHOCIH rpaBHTaHHOHHOH H HHCpiIHOHnOH 
Mace. 

Bbinie yAce otmch3aocb, hto c BBeneHiieM b c[)H3HKy hohatha sAeKTpoMar- 
HHTHOH HHepHHOHHOH MaCCBI HapyiHeHHe npHHHHna 3KBHBaAeHTH0CTH CT3A0, c 
(])H3HHeCKOH TOHKH 3peHHA, OHCBH.AHBIM. /1.CAO BCe B TOM, HTO rpaBHTaHHOHHaA 
MexaHHHecKaA Macca h ee HncpiiHoniibic CBOHCTBa abaaiotca ahhchhoh (jjyHK- 
HHeii OT KOAHHeCTBa HaCTHH. MCACAy TeM KaK HHCpilHOnnaA 3 A C KTp O M a r II H T II a A 
Macca ABAAeTCA yAce hcahhchhoh cjiyHKHHeH ot koahhcctb3 nacTHU, npn6AHAca- 
ACB B npe.ACAC K KBaApATH'IIlOH (jjyHKHHH. BnOAHe eCTeCTBCHHO, HTO AAA peaAB- 
HBIX CpCA, HMdOmHX 3H3HHTCABHO OOAbHiyiO nAOTHOCTB iapA'/KCHIlblX HaCTHH, 
SAeKTpOMaTHHTHaA HIlCpHHOIlIiaA Macca HX MO'/KCT yACC Ha ACCATKH nOpAAKOB 
0TAHH3TBCA OT MeXaHHHCCKOH rpaBHTaHHOHHOH MaCCBI, HTO MO'/KCT npHBCCTH K 
npOABACHHK) B HOAOOHblX 3apA'/KCIIIIbIX CpCA3X HCKOTOpBIX nirailTCKIIX (])H3HHe- 
ckhx 3cj)cj)eKTOB npn onpeneAeHHBix HX COCTOAHIIAX [55]. 
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12. B npnpoae HET HBJiemiH AHHHrHJIBI^HB MATEPHH h 
npeBpameHHH ee b 3Hepriiio! 

Jinn HnniocTpauHH npn'inn BoaiiHKnoncima ccpBCBiioii kph3hchoh ciiTya- 
uiiii b coBpeMeHHon (JiyH^aMeHTantHOH <J)H3HKe paccMOTpuM eme pun apyrux 
oc n o b o n 03 a ra 10 1 n n x (|)yn,3aMcnTa3BnBix Konncnnnii. ocHOBaHHBix Ha HeKOTO- 
ptix ycTOHBiriHxcsi o 6 menpnH)iTbix b c|)H3hkc porviax. Pent h.tct, npc>K,3C Bcero, 
06 H3BecTHOM (jiy 11,3 a\iciiTaji b iio m cooTHOHieHiiii E = me , TpaKTyeMoro KaK 06 - 
nicnp hiihtoc npeTiCTaBiicnHC o B3aHMOCBa3H h B3aHMonpeBpamaeMOCTH viaTcpnn 
h 3Heprnn. 

B paMKaX H3BGCTHBIX npC3CTaB3CHHH OOmenpHIlHTO CIHTaTB. HTO npn aH- 
HHTHJIHHHH SJieKTpOHa H n03HTp0H3, HMeFOIIlHX ,30 aHHHTHJIHHHH OHCpTHIO nOKOH 
no 511 ksB Ha Ka>K 3 yio 'iacTHiiy. oopaayioniHcoi nocjie aHHHTHjwuHH , 3 Byx Ma- 
TepnantHbix 'iacTHii , 3 Ba y-KBaHTa hmoiot 3Heprnio TaK>Ke no 511 ksB, hto hh- 
TcpnpcTupycTCJi KaK ,30Ka3aTC3BCTBo ncpcxo 3 a peanbHO omyniMOH MaTepnn 
33c m c 11 Tap 11 b ix nacTHii b Hexyio MaTepnantHyio cymHOCTB oopaiyioiunxcsi , 3 Byx 
y-KBaHTOB. CaMH MaTepnajitHBie nacTHUti, HMeiomne He paBHyio nyaio Maccy 
noKoa, npn stom no3iiocTBio HcncaaioT, npcBpaiuaacB b oOBinnyio 'jncprwo 
, 3 fiyx y-KBaHTOB C He paBHOH IIV3I0 «MaCCOH ,3BHVKCIIH3>>. To eCTb, no coBpeMeH- 
hbim npe^cTaBneHHJiM b hhctom BH^e peanroyeTca scjxjieKT B3aHMonpeBpameHHJi 
peajiBHOH omymaeMOH (J)H3HneCKH MaTepnn b SHeprmo sjieKTpoMarHHTHoro 
noun. KpoMe toto, npn bi a n m o 3 c n c t b n h , 3 Byx y-KBaHTOB eooTBeTCTByiomeH 
SHeprHH B03H3H fl.BCp Iia 6 ai 0 ,BaCTC« H o 6 paTHBIH npOIICCC (|)OTOpO/K,3c 11 n a , 3 Byx 
nacTHH - 33CKTpona h no3HTpoHa. TaKOBa npHMepHO BaKonncnnaa oomcnpHiia- 
Taa HIITCpnpCTaHH3 HB3CHH5I 311113131331130 TOCKTpOIia H n03HTp0Ha H B33HMO- 
npcBpaiucnna MaTepnn h jneprnn. TtpuneM b ancprcTiiHCCKOM n3anc npoiiccc 
aHHHTHIIHHHH 'iaCTHH H (|) 0 T 0 p 0 '/K 3 CIIHa 3CHCTBHTC3BII0 n03II0CTBI0 COOTBeTCT- 
ByeT c|i y 113 a m c n T 33 b no viy cooTHomeHHio Biipa E = mC 2 . Ka 3 anocb 6 bi, 3 B 3 ciihio 
aHHHTHJIHHHH HaCTHIl ,33110 30CT3T0HH0 n 03 1 IOC TCOpCTHHCCKOC 060 CH 0 BaHHe B 
(J)H3HKe, h TaK oho h CHHTanocB Ha npoTavKennn rio'iTH Bcero XX BeKa. 0,3iiaKO 
y3 h bhTC3b 11a 3 napa30Kca3BiiocTB Haninx 3H3hhh o 6 OKpy>KaK)meM Hac Mnpe 
3aK3I0'iaCTC3 eme B TOM, HTO IICKOTOpBIC 30 TMBI, BbICKa3aHHbie BH 3 IIBIMH 3BT0- 
paMH, b KaKOH-TO CTeneHH napanH3yi0T npoiiccc TBop'iccKoro MBiniacniia y ,npy- 
mx aBTopoB. Korpa 3 ana oomaa <JiH3HHecKaji nnTcpnpeTanna 3B3 ciihio aHHiirii- 
33hhh 'iacTHii h (|)OTopo>K 3 cnnio. nonnocTBio coraacyiomciica c 061 hum Teope- 
THHecKHM pacneTOM b paMKax H3BecTHoro cooTnomcnna E = mC 2 , to, nponc obi, 
OTna.nacT h iicooxohhmoctb Donee 3 CTanBiioro anann ia stoto anaemia h o 6 mero 
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h npeBpameHiM ee b 3Heprnro! 


conocTaBHTentHoro auanma ero c H3BecTHBiMH npyniMH abjiciihsimh. OnnaKO, 
BonpeKH ycToyirimHMCH norviavi, nonpo6yeM conocTaBHTt nannoe snineimc c 
npyniM. o6i>eKTHBHo peajitHo cymecTByiomuM, naBHO hbbcctiibim h nocKOHajit- 
HO H3yHeHHBIM SHinCIlHCM T0pM03H0r0 HTnyHCHHH npil y.THpC yCKOpeHHOH HHC- 
THUBI 3JieKTpOHa O MHIIICHB. IIpHHeM B SKCnepHMeHTe no T0pM03H0My H3Hyne- 
hhk) Bee nonnacTca 3 k c n c p h \ i e n t an b n o vi y kohtpojho. 3neprnH, nonynacMan. 
nanpnvicp. ycKopacviBiM ancKTponoM. nerKO onpcncnncTcn pa3HOCTtio noTeH- 
nnajia U Ha ycKopmomcM npoMe>KyTKe b bh.tc BBipavKennH E = Ue. 3Hepriui 
oopaiyiomcrocH TopM03Horo rojiyneHna y-KBaHTa, paBiian khiicthhcckoh sncp- 
rnn Hr = mV 2 12 ycKopeHHon nacTHUBi, pemcTpupyeTCJi npn6opoM. Ho b stom 
noMTHOM (J)H3HHecKOM npouecce, ecTecTBeHHo, hhkto He nonycKaeT, hto nocne 

TOpMO)KeHH5I (CTOHKHOBeHHJI, OCTaHOBKIl) H HSnyHCHHH nOJiyHeHHOH KHIieTH'ie- 
ckoh 3Heprnii Hr = mV 2 12 caM sneKTpoH KaK MaTepnantHan nacraua HCHe3aeT 
noJiHOCTBio. no, ttb ep> k.t cn h e m Toro cjjaKTa, hto caM sncKTpon nocne TopMO>Ke- 
HHa He HCHe3aeT, cny>KHT nerao pcrucTpupycMoe si anemic noHBneimH Ha Miiuie- 
hh 3KBHBaneHTHoro 3JieKTpnHecKoro iapsina. 

Ecnn >Ke Tcncpb oopaTHTBesi k Donee ,TCTanBno\iy (|)H 3 HHCCKO\iy npoiicccy 
jmnemisi aimnninsinmi 'iacTHH sncKTpona h no3HTpoHa, to pacncTBi noKa3tiBa- 
IOT. HTO HBC 'iaCTHHBI - SnCKTpOIl H n03HTp0H - Ha paCCTOSHIHH R » r (h PTC r 0 - 
KJiaccHHecKHH pa.THyc sneKTpona (paccTOJiHHe R mojkho bthtb paBHtiM, Hanpu- 
Mep, Me>KaTOMHOMy paccTOsmmo hjih nance mchbiiic), nciicTBHTcnBiio HMeiOT 
cyMMapHyio ancpniio noKon W„ = 2-511 ksB. Ho npcnocTaBncniiBic caMHM ce6e 
(nonycKaeM oTcyTCTBue mo6i>ix B03MymeHHii) sneKTpoH h no3HTpoH non neiicT- 
BHeM COOCTBCimBIX SnCKTpiHICCKHX nOJieH Dy.TVT CTpCMHTBCH npHTSHIVTBCSl npyr 

k npyry. npn stom npocTtie pacncTBi noKa3BiBaioT, hto npn nancumi hx npyr Ha 
npyra no nonHoro CTonKiioBcnnsi h OCTaHOBKIl Kaunas H3 'iacTHH ycKopneTcn h 
npno6peTaeT nononiiHTeniniyio KHHeTHHecKyio Tiicprmo W K no 51 I ksB Kancnan. 
noMHMO HMeiomeHCJi y hhx no 511 ksB Biiyipeimcii siicprn h noKon W n . npn 
«ynape» h topmovkciihh ycKopcniiBix 'iacTHH nponcxonuT hbbcctiibih b c|)H3hkc 
npoiiccc TopM03Horo H3nyHeHiM nsyx y-KBaHTOB c ancpnicii no 511 ksB. to>k- 
neCTBeHHO paBHOH KHHeTHHeCKOH SIlCprUH HaCTHH W K , Me>Kny TeM KaK C3MH 
MaTcpHanmiBie HacTiniBi sncKTpon h no3HTpoH c cyMMapHOH hx BnyTpemicii 
Tiicpnicii noKon W n no 511 ksB He HCHe3aioT nonnocTino c npeBpameHHeM b 
scjjeMepHyio \t a tc p ii an b n o c tb y-KBaHTOB, KaK sto npHHSTO cniTaTB b nacTOsniiec 
BpcvfH. a npeBpaiHaioTcn b nucKpcTiiBic neilTpanBiiBic nncvienTBi y>Ke MaTcpn- 
antHOH cpenBi (J)H3HHecKoro BaKyyMa hjih «BHpTyani>HBie napti sneKTpoH- 
no3HTpoH». OnHaKO oomcnpiimiToe nommie «BiipTyani>HOH napi>i», iiMciomcii b 
noHCTBHTeJiBHOCTH nocToniinyio (a He BupTyaniniyio!!!) BHyTpeHHioK) jncprino 



672 


3JIEKTP0AHHAMHKA <M13HHECKOrO BAKWMA 


noKon no 511 ksB Ha Kamnyio 'iacTuny napti, TaioKe iiyvKnacTca Tcncpb b cept- 
C3Hon KoppeKTnpoBKe h yTomicim h, KOToptie MoryT 6 bitb yCTaHOBJieHBi npn 
nantHenninx HeneHanpaBneHHBix 3 kc nep hmci rramm bi x nccnenoBaffliax cbohctb 
y>Ke caMon cpenti cj)H3HHecKoro BaKyyMa. Kax bh^hm, ycTonBinnecn n o6me- 
npuHJiTBie npeziCTaBJieHini b coBpeMeHHon (|)H3 hkc b stom Bonpoce npn yneTe 
peajitHOCTH cymecTBOBaHna cpenti c|)H3HHecKoro BaKyyMa Hy>KnaioTCH b cyme- 

CTBGHHOM BH,30H3MCIICnHH. 

13. B npnpone HET HBJiemiH HCKPHBJIEHHB 
IIPOCTPAHCTBA! 

B onpeneneimon nenocpencTBcnnon gbh3h c oniicaHHBiM bbiiiic hbhciihcm 
HaxonnTcn eme onnH «c|)yHnaMeHTani>HBiH» BtiBon coBpeMeHHon (J)H3hkh, koh- 
KpeTHo oomcii Teopnn oTHocHTenimocTH A. SHHinTeima - 06 hckphbhciihh 
npocTpaHCTBa b6hh3h MaccnBHBix rpaBi-iTupyioimix Ten, no ht b e p >Kn e i m e m neMy 
hkoobi cnynaiT mmeimc HCKpuBJieHne nynen cBeTa okoho Comma [2], Cornacno 
npe.TCKa'ianmiM A. SnHinTenHa, HCKpn bhciihc nyna CBeTa okoho Comma npavio 
nponopnnoHajiBHO Macce Coimna n o 6 paTHO nponopnnoHajiBHO pannycy no 
tohkh naGmoncima, n pirn cm OTKnoneimc nyna CBeTa noiDKHO nponcxom-iTB 
CTporo no pannycy ot Coimna. HiiKaKon c|}H3hkh npnnnH HCKpiiBneHnn npo- 
CTpaHCTBa He npennaracTcn, TeM 6 onee HeT HiiKaKon c|)H3hkh oGi.ncneimn npn- 
hhh, noneMy CBeT no HCKpnBJieHHOMy npocTpaHCTBy non>KeH nBnraTBcn no Kpn- 
Boii mmim. IlpocTo Teopnn yTBcpvKnacT. hto npocTpaHCTBo KaK-To HCKpiiBneHo, 
a cnenoBaTem>HO, nosTOMy n nyn CBeTa non>KeH UBiiraTtcn no KpiiBon jihhhh. 
OmiaKO cuc/iycT otmcthtb, cornacHO npencKaiaimnM A. SnHinTenHa, yron ot- 
KnoHeHnn nyna CBeTa okoho CoHHna Ha 3ananno m paccTosmim ot CBCTHna non- 
>kcii ocTaBaTBcn Bcerna BennnHHOH npaKTnnecKn nocTommoil. TaK KaK Maccy 
CoHHna mo VKiio cmiTaTB npaKTnnecKn Hen3MeHHOH. B ncii ctbhtchbiiocth >Ke (k 
concaneHHK), 06 stom Mano nnmyT) co 6 paHHBie 3a paiiibie ronti /lammic Ha 6 nio- 
ncHnn no OTKHOHeHHK) nyna CBeTa okoho CoHHna noKa3BiBaioT, hto hchctbh- 
TeHBHan BeHnnima OTKHOHeHim nyna CBeTa okoho Comma He hbhhctch Bennnn- 
noii nocTommoil n HiMcnncTcn ot snaneimn, b he a pa3a \icmmicro, no inane- 
hhh, b HBa pa3a oommicro, hcm npencKa3BiBanoci> A. 3mmiTeimoM [2], 

Ilpn yneTe >Ke pcammocTH cymccTBOBaimn okoho CoHHna yBneKaeMon hm 
cpenti (J)H3HnecKoro BaKyyMa, KOTopan ABJineTCH HocnTeneM nnn sneopoMar- 
HHTHBIX BOHH H CBeTa, (|)H3HHeCKHe npOUeCCBI OKOHO COHHUa OKa jEIBaiOTCH 3Ha- 
HHTeHBHO CHOHCHee. 

Ilponecc ammnmsmim pcammoro BemecTBa BHyTpn CoHHna n nonfincime 
hoboto BemecTBa cpenti cj)H3HHecKoro BaKyyMa, o neM roBopnnocB Btime, npn- 
BonnT k o6pa30BaHHio MomHoro noTOKa cpenti ({miH'iccKoro BaKyyMa H3 Henp 




13. B npnpoae HET imjienna HCKPHBJIEHHg IIPOCTPAHCTBA! 
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Comma. Y'lHTbinasi mumm-ic rpa/mciiTa CKopocTcil b cpc/ic (|)HWiccKoro Ba- 
KyyMa b6jih3h Comma, cornacHO H3BecTHOH b (|)H3hkc Tcopirn aoeppamm cBeTa 



Phc. 66 
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CTOKca, Jiyn CBeTa /ioh'/Kcii npcTcpncBaTB ecTecTBeHHoe OTKJioiicnne okojio 
Comma. OmiaKO, TaK KaK Comme BpamacTCfl. to HCTeKaiomne H3 Comma iioto- 
kh BaKyyMHoii cpc/ibi HCKpuBJiaioT cbok) TpaeKTopHio no Mepe y,Ta_aCIIHH OT 









if-c »*■*> Jv “ 


Puc. 67 





13. B npnpone HET gMemra HCKPHBJIEHHg IIPOCTPAHCTBA! 
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ConHua h HMeiOT bhh cmipantHtix CTpyii. nosTOMy b6hh3h Comma nyn CBeTa 
ot 3BC3/I po-T/Kxn OTKHOHJITBC5I He no pa/mycy, KaK 3to no.aaracTCH b iiacTomncc 
BpeMH, a no cmipaneBiiaHtiM hhhhhm c HeKOToptiMH 3c|x|)eKTaMH unjiHHzipHHe- 
CKOH CHMMeTpHH H3-3a HaKJIOHa OCH BpaiHCimH Co.THIia K 3KJIHnTHKe. Ho CaMBIH 
Ba>KHi>IH (|)H3H'ICCKHH npOHCCC, KOTOpMH /IOJT/KCII OTpaiHTBCH Ha HB3CIIHH OT- 
KJioHeHiM nyna CBeTa okoho ConHua, sto 11-hcthhh ncpHon aKTHBHOCTH Cojih- 
ua. B MaKCHMyMe 3kthbhocth Comma po.TA'cn iiaomo/iaTBCii MaKCHMyM h b 
OTKJioHeHHH nyna CBeTa okoho Comma. Coopammic SKcnepiiMeHTantHtie paii- 
Htie noziTBepaHHH noHHyio KoppenmiHio yrna tp otrhohchuji nyna CBeTa okoho 
Conima ot ero aKTHBHOCTH W(A) [2, 94] h, KpoMe toto, o6napy>Kciia mmafl He- 
pa^HaHBHOCTB OTKnoneima ny'icii CBeTa okoho Conima. KaK bi-mhm, mincime 
OTKHOHeHHH HyHeH CBeTa OKOHO COHHIia OKa33HOCB HaMHOTO CHO)KHee, HO, C (J)H— 
3HnecKOH tohkh ipcumi. 6oHee noHHTHtiM h pacKphiBaioiimM MHorne pcammo 
npoHcxommme Ha Com me ([miH'iccKHe npoucccBi, o kotopbix Teopmi «hckphb- 
neHHH npocTpaHCTBa» npocTO yManHHBana. CornacHO OTO, MeTpHKa npocTpaH- 
CTBa b6hh3h rpaBHTiipyiomHX Ten npocTO HCKpHBHeHa, nosTOMy h BcneacTBiie 
3toto nyn CBeTa b stom kphbom npocTpaHCTBe hckphbhhct cboio TpaeKTopnio. 
HnKaKoro 6onee rny6oKoro noHHMaHHH c|}H3HHecKOH cyiimocTH jiBneHiui hc- 
KpHBHeHHH HyHa CBeTa npH 3TOM npocTO He TpeOyCTCH. npOCTpaHCTBO KpHBOe, 
n ostomy h nyn KpiiBOH. C no'mimii *c oobckthbiioh oiiciikh /laimoro mincimyi 
HHKaKoro HCKpHBHeHHH npocTpaHCTBa HeT, ho 3ara y'lHTBiBaioTCH Bee pcammo 
cymecTByronme MaTepnantHtie noTOKH h npoueccti okoho CoHHpa, npn B3an- 
MonciicTBim e KOToptiMH nyna CBeTa, nocnc/mmi HCKpHB.micT cboio TpaeKTO- 
pHio. KaK Bimno. pamima b noHHMaHHH (|m3H'iccKOH cynmocTH hbhciihh npn 
paaiiBix nonxo/iax OKasBiBacTCH BcciAia cymccTBcimoii. 


14. B npnpoae HeT hbjichhh ayajiH3Ma «BOJIHA-HACTHIl,A»! 

PaccMOTpuM eme oxmy nonymipHyio b (])H3HKe .nomy o ,nyanH3Me «nacTH- 
ua-BOHHa». He BnaBancB b npc/iBiCTopmo nominenmi stoto noHjmui, mo>kho 
OTM eTHTB, 'ITO pCiyHbTaTaMH 3KCnCpHMCIITaHBIIBIX HCCnCHOBaimii C HBHVKyiim- 
MHCH 3H C M C 11 Tap 11 BI M II 'iaCTimaMH yCTaHOBHeHO, 'ITO Hiooan 'iaCTHIia npOHBHHCT 
ce6fl h KaK MaTepnantHaH nacTHua, a KaK SHeKTpoMarHHTHan BOHHa (/tmjipaKHHH 
SHeKTpoHOB). Ha ocHOBaHHH stoto Obiho /lonymeno, hto mooaa sneMciiTapiian 
'iacTima Mo>KeT paccMaTpuBaTtcH omioBpcMcimo h KaK micn-ma h KaK BOHHa. 
OnmiKo, ecHH ociioBBiBaTBcn Ha npimsmm b c])H3HKe Koimenmm npocTciiincii 
MO/ienn BaKyyMHOH cpcnBi, cocTomneii H3 BiipTyanimBix 3HeKTpoHHO-no3HT- 
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poHHBix nap, T.e. cpc/ibi c jibho 3apnnoBon CTpyKTypon, a Tax>xe OGHOBBiBascB Ha 
aHanornn o6mnx cj}H3HHecxnx cbohctb jik>6oh MaTepnajiBHon cpenti (b hioSbix 
MaTepnajiBHBix c pen ax HMeiOT MecTO cxoncue bojihobbic npoiicccbi n aBnernw), 
to ecTecTBeHHO 6bijio 6bi nonycTHTB, hto npn nBHVxcnnn hio6oh MaTepnanBHOH 
nacTHUti b ojieKTpoMarffliTHon epene c|}H3HHecxoro BaxyyMa .hojdkhbi HaSnio- 
naTtc a TpuBnantHBie n npiicymne hio6bim MaTepnanBHBiM cpenaM scjxjiexTBi 
BiaHMonciicTBHH ,TBH'/KyincHcsi nacTHHKH co epenoii n nouBncimio jHHaMHHe- 
ckhx 3(t»t)eKTOB ienepannn BOJiH . HanpuMep, npn hbhvkciihh Tena b Bone re- 
ncpupyiOTca TpiiBHanBHBie Bonanbie bohhbi, xotji HHKaKnx cneunanBHBix bh6- 
pupyioirmx hbhvkciihh Teno He coBepmaeT. IIpHMeHHTejiBHo k raioBoii MaTepn- 
ajiBHOH epene b rajonunavinxc H3BecTHO si anemic a iDQ imiaMii'iccKoii rcucpa- 
uhh 3B\Ka npn ,tbh'/R'ciihh MaTepnajiBHoro Tena b nucKpcTnoii BOinymiioii Ma- 
TepnajiBHOH cpcnc. Cbhct npn hbm/Kciihh nynn hjih cnapana b rsomyxc - sto 
o obi hi roe HBJieHHe anponHHaMHHecKQH i enenaniiii 3BVKa npn rnaiiMonciicT- 
bhh nBHvxyincMcH nynn hjih ciiapana c \iaTepiianbiioii epenoii Bomyxa. FIpiiHCM 
H3 raionmiaMHKH H3BecTHO, hto nninia bouhbi reiicpiipycMoro 3Byxa npn .tbh- 
•/Kchhh Tena b Boanyxc onpcncnncTCH 3aBHCHMocTBio Buna 


^A=-, 

Vd 


( 35 ) 


171c Ac - Hiicno Crpyxana - rason h 11 a m ii'iccxan nocTonHHaji nnn Bomyxa; V - 
CKopocTB nBHVKciinsi Tena oTHocHTenBHo BOinymiioi'i epenw; d - nonepcniibic 
pa 3 MepBi Tena. 

YnuBiiTcnbiibiM nBJiaeTcn to, hto npn hbii'/Kciihh ancMCiiTapnoii 'iacTimbi b 
cymecTBeHHO othhhhoh ot B 03 nyxa epene c()H 3 HHecKoro BaxyyMa, 3 a cneT 3cJj- 
(jieKTOB B 3 aHMoncHCTBim nBinxymeiicJi nacTHUBi c BaKyyMHOH epenofi, nBneHHe 
rciicpami h BonH ne-Epoiina onpenenaeTcn npiiMepHO tohho Taxon >Ke (|)y kh no¬ 
il an bi 10 ii 3 aBHCHMOCTBK> 

n ( 36 ) 


A. b - 


Vm 


rnc ti - nocTonHHan IlnaHKa nnn BaxyyMHOH epenw; V - cxopocTB 'iacTimbi ot- 
HociiTenBHO cpenti c()H3HHecKoro BaxyyMa; m - Macca nBiincymeiicJi nacTHUBi. 

He3HaHHTenBHoe oTnunne b napavicTpax o6ycnoBneHo, ecTecTBeHHO, cyme- 
CTBeHHBIM OTnHHHeM CBOHCTB nHCKpCTHOH rsoinyiniioii MaTepnanBHoii cpcnbl OT 
6onee tohkoh, Taioxe niicKpeTnoii 3neKTp0 m ari 1 ht n0ii BaxyyMHOH c pen in. Kax 
BiiniiM. Barmen BbipancciiHsi nna nmnibi BonH, reHepupyeMBix xax b BOBnymnoii 
epene, Tax h b BaxyyMHOH epene, no (j)H3HHecxoH CBoen cymHOCTU npaxTunecxn 
coBepiueHHO nneHTHHHBi, hto roBopiiT o 6nH3xon aHanornn npuponti sthx jib- 
neHiiii. 

/(jm GonBiueii y 6 enHTenBH 0 CTH aBTopoM eme b 1967-68 rr. 6 Binn nocTaB- 
neHBi ncMoncTpamioimbic SKcnepiiMciiTbi no onciinac m o m y naonioncnmo nunc- 
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HHM «7(H(J)paKUHH» H «THc|}paXHHOHHbIX XOTeH» Ha 3XpaHe npn npOXCDKJieHHH 
nynB nepei Mantle oTBepcTim b oOhhhom oxpy>xaiomeM Hac BoiTyxc, to cctb 
perneHO 6bijio noKa3aTB, hto nyjia TO>xe MO>xeT Becra ce6a xax «eojwa», ho yvxe 
He ojieKTpoMarHHTHaM, a 3ByxoBan. Htoobi hckjhohhtb bjihmhhc TonoTHHTeTb- 
HBIX 3(j)(|)eKTOB, KOTOptie MOTyT HMeTB MeCTO npH OoTbHIHX CKOpOCTMX, TTM 3KC- 

nepHMeHTOB HcnoTb30BaTocb BoiTymnoe py>KBc co cxopocTbio nyjin He 6onee 
100 m/c. He ocTanaBJTHBaflCB Ha TpyTiiocTux ixcnepiiMciiTa, CBMiamiBix c npo- 
CTpeJiHBaHHeM nynt 'icpci Manoe OTBepcTHe .THavieTpoM 1 cm Ha paccTOMHini 3-x 
MeTpoB ho MHHieHH, npn Ootcc hcm 200 nonbiTOK 6biJio naopaiio nopa.TKa 30 
Tonex Ha sxpaHe 3a MHHieHbio, pacnoTOVKcnnoM ot mhuichh Ha paccTOMHiin 5 m. 
B pciyTBTaTC oxcnepiiMciiTa 6 bito oOHapyaceHO, hto Boxpyr rcoMCTpHHcexoii 
npOeKHHH OTBepCTHM MHHieHH Ha 3KpaH OTMeTKH nyilb BbICTpaHBajIHCb C 3aMeT- 
hoh KOTBiicBoii THCKpcTiiocTBio Boxpyr iiciiTpa b Tex MecTax, Ky.Ta nyjH no 
npMMOH jihhhh nonacTb mbho He movkct. KoHeHHO, /KCTaTCTBiio 6biJio 6bi npoBe- 
TCinic 3 toto 3KcnepHMeHTa b cneuHanbHbix TaoopaTopiiBix ycTOBnax, a He Ha 
Hep^axe to via, xax sto 6biJio pcaTiiiOBano b CBoe rip cm a aBTopoM. Ho h iToro 
pciyTBTaTa BMecTe c ooiiihvih HanaTbHbiMH tco p ctiihcckiimii BBiBOTaviii oxa3a- 
JlOCb BnOJIHe TOCTaTOHHO, HTo6bI VTBCpVXTaTB, HTO HBTCIIIIC rCIICpaiUIH TBH'/Xy- 
mciicsi 3JieMeHTapHOH HacTimcii 3Tc kT poviarn ht n bi x both Te-EpoiiTH mbthctcm 
H e CTeTCTBueM toto, hto HacTima xaxHM-TO o6pa30M mbthctcsi OTiiOBpcMcnno h 
bothoh h HacTHuen, a npeTCTaBTMeT co6oh oObiHHbin scjxjiexT reHepauiiH both 
npH TBHVXCIIHH HaCTHHBI B MaTepHaTbHOH epC.TC (|)H3HHCCKOrO BaXyyMa. C>H3HXa 
>xe bi a h m o t c ii c t b ii it reHepupyeMbix HacTimeii both c rpannna\in meTH hth ot- 
BepcTHM MHHieHH Terxo noTTacTCH Tenepb oobihitomv (|)H3ii'iccKOMy iioiinvia- 
hhio h TeopeTHHecxoMy aHarH3y. npn iiceoBnaTCiimi och chmmctphh oTBepcTim 
c nanpaBTCimcM tbiivxciihit nacTHHBi reHepupyeMbie eft bothbi OBicTpcc toxo.tht 
TO 6TH>xaHHieH rpaiimiBi otbcpctht h, OTpavKaacB ot Hee, B03Bpamai0TC5i BHOBb 
X 'iaCTHHC, npOHIBOTM Ha Hee nOIITCpOVIOTOpiIOC OTKTOIIMIOIUCC BOITCilCTBHC B 
HanpaBTeHHH x iiciiTpy OTBcpcTim. hto npiiBO.THT b TaTbiiciiiiicvi x CMemeHHio 
HanpaBTeHHM TpaexTopiiH ee tbiivxciihh y>xe 3a OTBcpcTiicM MHHieHH h C03Ta- 
HHIO CTpyXTypbl THljipaKHHOHHblX XOTeU. 

CTeTOBaTeTbHo, ecTH npocra ocHOBbiBaTbcn Ha yKopeiinBinnxcn oomenpii- 
HMTblX XOHHenHHMX TyaTH3Ma «HaCTHIia-BOTHa», TO MbI npaXTHHeCXH THHiaeM 
CCOT B03M05XH0CTH nOHMTb TCHCTBHTCTbliyiO (|)II3HKy B33IIMOTC M C T BIIM TBHVXy- 
inciicsi HacTHiiBi co cpcToii c|)H3HHecxoro BaxyyMa h rpannnavin OTBepcTHM. 
YneT >xe pearbHbix (Ihiih'icckhx cbohctb BaxyyMHoii cpcTBi BBiiiyvxTacT Hac 
OTKaiaTBCH ot 3aBC,TOMO orpaHHHeHHOH ii oiiiiioo'iiioii KoimennHH TyaTiiivia 
«HacTHua-BOTHa», xoTopan npocTO ncxmoHaeT hcooxothmoctb nocTaHOBXH bo- 
npoca o npiipo.TC oopaiOBaimM both TC-BpoiiTM y TBii'/xymciicsi nacTHUbi ii (|)h- 
3HXII B3aIIMO,TCIICTBHM THHepiipyeMblX HaCTHUCH BOTH C rpailHIUlMH MHHieHH. 
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3to eme o.ihii H3 iiarnaniiBix npiiMepoB, Kor/ia iiaBHiaimoc 0(|)ii3H'iHBaime 
HCXO.TIIBIX nOHHTHH B TeOpHH npHBO.lHT K rpy6i>IM HCKa'/KCIIHHM peanBHOH /icii- 
CTBHTeJIBHOCTH H IiaCa'/RTICHHIO B (|)H3HKC /laUCKHX OT HayKH H 5IBHO OIIIHOO'IIIBIX 
.Horn. 

C y'iCTOM iiobbix 3H3hhh o CBOHCTBax cpc.TBi (|)H3H'iccKoro BaKyyMa H 
B3aHMO,HeHCTBHn C HeH MaTepHajIBHBIX HaCTHII. npHXOTIHTCfl OTKaiBIBaTBCH OT 
HCKyCCTBOHHO BBOXIHMBIX B (j)H3HKy ZIOTM, CymeCTBOHHO HCKanCaiOIUHX (J)H3HKy 
TtCHCTBHTOJIBHBIX npOUCCCOB B33HMO;iCHCTBHH .IBHA'yiHHXCJI Bapsl'/KCIIIIBIX HaCTHII 

co cpe/iOH (j)H3HHecKoro BaxyyMa. J^jul yrnySneHiin nee noHiiMamin .uchctbh- 
TentHOH npupoflti bohh .qe-EpoHnn, c yneTOM hobbix npeacTaBneHHJiH o iiojihbix 
MarHHTHBix CBOHCTBax /iBii/Ky imixcn iapnnoB h cymecTBOBaHHJi hbjtciihh npo- 
/lonBiioro MarHHTHoro b 3 a hm 0/1 c ii ct b im , 0Ka3BiBaeTcn iicooxotiiimbim cymecT- 
BeHHO BII/10H3MGIIHTB oBlHCnpHIIHTOC nOHHM3HHe «KB3HTOBBIX» pC3ynBT3TOB 
ontiTOB AapoHOBa-BoMa. Ilpn .ibh/Kciihh ancKTpoiia b cpc/ic (|)H3H'iccKoro Ba¬ 
KyyMa b none BeKTopHoo noTcmiHana A (rot A = 0) nponcxonuT o6bihhbih 3<|)- 
c|)eKT an c kt p 0 a h n a m Knee ko h reiicpaiiHH bohh /ie-Bpoiinsi 11 noHBneiiHC Bon iio¬ 
bbix otjxjieKTOB okoho xiBiincymerocn 3apima. Ilpn bo3^chctbhh nee CKannpHBix 
MarHHTHBix nonen (huh noun BeKTopHoro noTeHUHana) Ha ziBHneymiiHcn, Ha- 
npiiMep, no och iiaMariiH'icimoro Topoii/ia h BHe ero lapn.i sneKTpoHa H3MeHn- 
ctch CKopocTB .tbh'/Kciihsi 3thx sapnnoB 3 a C'ICT noHBnciiHyi chji npononBiioro 
MarHHTHoro b33hmo;ichctbh5i c sthmh nonaMH, cjic/ictbhcm Hero nBJineTcn ynee 
h H3MeHeHne reHepupyeMBix .tbii'/Kvihumhcsi sapmaMH /ijiiiii bohh /le-Bpoiinn h 
hx nocnc/iyiomeii miTepc|)cpeiinnn, hto 3kc nepn mci iTan biio h pcrucTpupycTCH. 
H3MeHeHne nee CKopocTcii ,TBH>K'eiiHsi sneKTpoiia b nonnx toko bo ro Topoupa 
3KcnepHMeHTajiBHO nonTBcpvK/iciio b onBiTax E.B. EonoTOBa, A.M. ConyHHHa, 
B.B. HnKOJiaeBa 


15. B npnpoae HET hhkhkhx «TOPCHOHHLIX IIOJIEH»! 

B nocnc/nicc Bpcvin o'iciib vnioro roBopnT o topchohhbix nonnx, TopcnoH- 
hbix TexHonorunx h o OnonorH'iccKnx 3cj)i|)eKTax topchohhbix nonen. OmicBi- 
BaioTcn yniiBHTcnBHBic pe3ynBTaTBi OKcnepuMeiiTOB c topchohhbimh nonaMH, 
3(|)(|)CKTBI BOB/ICM CTBI15I TOpCHOHHBIX nO-TCH Ha (IlHiH'ICCKHC CBOHCTB3 MaTepiia- 
noB, KOTopBie paHee ciiiTaniicB npocra hcbo3mo>khbimh. CooGiiuictch o chotc- 
mnSaTenBHBix 6nonorHHecKHX scjxjieKTax topchohhbix nonen h hx yaiiBirrenB- 
HBIX nCHCOUBIX CBOHCTBax, a TaiOKe Co6cTBeHHBIX TOpCHOHHBIX nonnx HCnOBCKa 
H T./l. FIpiI'ICM Bee 3TH 33BOpa)KHBaiOIHHe HOBBie nOHJITIIJI IICnOCpCnCTBCIIHO CBn- 
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3i>IBaiOTCJI C HGKHM yilHBCpCaaBUBIM «(|)H3HHCCKHM BaKyyMOM», C HGKHM «HH- 

HTO». C ohhoh cTopoHti, sto «HHHTO», ho, c apyroii cToponbi, sto «HH- 
L IT0» HaaeaeHO orpOMHMMH 3anacaMH Bnyipeimcii jncprun. Bo MHorux Teo- 
pioix «(|)H3H'iccKoro BaKyyMa» CTapaioTca He ynoMi-maTB caoBO cpeaa (|)H3H'ie- 
CKoro BaKyyvia, Tax Kax cpa3y ace OHa OKaaceTca b npoTHBopcm h co MHornMH 
H3BCCTIIBIMH (j)y11,33MCIITCLTBIIBIMH npiIHUIinaMH H nOCTyJTHTHMH aBTOpHTCTHBIX 
TeopiiH (CTO, OTO h t.h.). IIoaTOMy aBTopaMH pa3BHBaioTca BceB03MoacHtie 
TeopHH «(J)H3HHecKoro BaKyyMa» 6e3 peaatHOH cpeati (J)H3HHecKoro BaKyyMa. Y 
HCTOKOB HHCTO TCOpCTHHCCKHX pa 60 T no TOpCHOHHBIM nO.BaM CTOJIT apBIC CTO- 
pOHHHKH peJMTHBHCTCKHX KOIlUCnUHH nyCTOrO npOCTpaHCTBa A. OHHHITeHHa, 
CTOpOHHHKH aBHO (|)0pMaaB110-M3TCM3T H'ICCKHX MCTOHOB B (|)H3HKC, KOTOpBIX 

npnaepvKHBacTCJi b onpcaeacimoH cTeneHH h o(j)HHHaaBnaa aKaacvin'iccKaa 
Hayxa. 

KoHiienuna TopcnoHHoro noaa H3Haaaai>H0 CBa3BiBaaaci> c 3cj)cj)eKT0M Bpa- 
meHHJi aio6oro MaTepnaatHoro Teaa, b npocipaHCTBe OKoao Koraporo aKo6ti 
B03HHKaeT npn 3T0M TOpCHOHHOe 110.36 (TOpC - BpaiUCIlHC). KoilCHIO. BpaiUCIlHC 
Teaa mbichhhocb nponcxoa^muM b nycTOM npocipaHCTBe b «cj)H3HHecK0M Ba- 
KyyMe» huh b iickom «HEHTO», ho b kotopom, TeM He MeHee, B03HHKai0T sth 
caMtie TopcnoHHBie noaa, oGaa/jaiomne yace BnonHe peantHtiMH cBOHCTBaMH. 
Ohithko Bee nonMTKH 3aperHCTpnpoBaTb sth chmbic «TopcHOHHbie noaa» npa- 
MBIMH \T CTO/I a NTH ,30 IiaCTOaiHCTO BpeMeHH OKaiBIBaiOTCa noxa HeyaaHHBIMH. B 
CBH3H c 3thm b ncaam co CToponBi o(|)nnHaaBiioii aKa/icMi-i'iccKOH HayKH noa- 
BHJica yace paa «pa3rpo\mBix» cTaTen, o6i>aBaaioinnx TopcnoHHoe none Boo6me 
aaceHayHHtiM HanpaBaeHHeM. OcjamHaabHbie npeacTaBaeHHa o peaaTHBH3Me h 
nycTOM npocipaHCTBe aBinncB ochoboh poacaeHHa TeopHH o TopcnoniiBix no- 
aax, oaHaKO Koraa CTaan noaBaaTbca KaKHe-TO irenonymiBie npaKTHnecKiie pe- 
iy.TBTaTBI. TO H3BCCTIIBIC TeopHH TOpCHOHHBIX nOHCH 0Ka3ajIHCi> ITCCnOCOOIlBIMH 
o6T>aCHHTB HX H nO.TTBCp.THTB npaMBIMH npHOOpiTBIMH H3MepeHHaMH. Ho CC3H 
Teopira He cnocooiiBi noaTBcpanTB h o6i>acnnTB cboh ace bbibo,tbi, to naa oc|)h- 
HHajitHOH HayKH TaKHe TeopHH oTHocaica k pa3paay yace «aaceHayHHbix». 

KaK paioopaTBca b co3aaBmeHca CHTyaijHH, Koraa, c oxjhoh CTopoiiBi, b 
Teopira Hcno.TBiyiOTca 3aBeaoMO oiiihoohiibic hcxo/iiibic Konnennnn h aBHO 
(J)opMaatHi>ie aonymeHHa, a, c apyroii CTopoHbi, HMeiOTca onpeaeaeHHbie He 
coBceM noHaTHBie npaKTHnecKne 3cj)cj)eKTbi? TeM He MeHee, npnHunnnajiBHo 
HOBtie (J)H3HHecKHe KOHuenuHH o CBOHCTBax peantHoro npocTpaHCTBa h yneT 
aaeKTpoMarHHTHBix cbohctb cpeati c|}H3HHecKoro BaKyyMa, aoKaaH30BaHHoro 
B0.3H3H noBepxHOCTH MaccHBHoro rpaBHTHpyiomero Teaa 3eMan, no3BoaaioT 
BHecm onpeaeaeHHyio acHOCTt h yTOHHeHHa b 3toh 3anyTaHH0H npo6aeMe. 

Ilpeacae Bcero, ncxoaHaa Konnennna noaBaeHHa k3khx-to «topchohhbix 
noaen» B6aH3H hioobix Bpamaiomuxca Tea aBaaeica, b ocHOBe CBoen, aBHO 
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oiiiHOO'inoii. Hmcaiaix «TopcnoHHtix nonen» b6hh3h BpamaiomerocH b cpcnc 
(j)H3HHecKoro BaxyyMa MaTepnantHbix Ten b neHCTBHTentHOCTH He noaBnaeTca. 
OzjHaKO HOBBie (J)H3HHecKHe 3(j)(|)eKTBi b6hh3h BpamaiomHxcji b MaTepnajiBHOH 
cpene (J)H3HHecKoro BaxyyMa Ten neHCTBHTenbHO MoryT HMeTB Mecra. Hto6l>i 
noHnTt (J)H3HKy 3 toto cjjeHOMeHa, npiiBeneM Harnjmm>iH npuMep c npyron pe- 
antHOH MaTepnantHOH cpc/ioii, HanpiiMep c B03,iyxo\f. B peantHBix ycnoBiinx 
Boinymnoii cpcnBi BOKpyr noKoameroca TBcpnoro Tena b bh.tc rnapa, Ha pa3Hbix 
paccTOJiHHnx ot Hero, pa3MecTHM Ha no/iBccc pa3nnHHi>ie npo6Hbie Tena H3 pa3- 
hbix MaTepnanoB. B coctojihhh noKoa rnapa b BOinyninoii cpcnc, ecTecTBeHHo, 
HHKaKHX 3aMeTHbix B3aH\io,TCHCTBHH npo6Hbix Ten c niapoM He IiaOniO/iaCTCfl 
(rpaBHTauHOHHbiMH b 3 a hm o/i chctbhmmh npeHe6peraeM). Ho ecnn map npiiBecTH 
b 6bicTpoe BpameHne, to nepc3 iicKOTopoc Bpcvia npaKTunecKH Bee npo6Hbie 
Tena npnnyT b flBH>KeHHe h noKa>KyT noaBnemie k3khx-to peantHbix cun, koto- 
ptie B6nH3H mapa OKaacyrca 6onee 3aMeTHbiMH, ho no Mepe ynanemni ot mapa 
3cj)cj)eKT 6yneT yMeHbmaTtcn no onpeneneHHOMy 3aKOHy. Eonee toto, Bee npo6- 
Hbie Tena Ha iio.tbccc npno6peTaioT h onpcncncniioc BpamaTentHoe .tbi-T/Kciihc 
BOK pyr CBoen och, coBnanaiomen c ocbio BpameiiHH mapa. CnpaimiBaeTca, KaK 
iiaomonaTcnB /iclt/Kcii onncaTb sth nciicTBHTcmmo o6Hapy>KHBaeMbie m-maMH- 
necKiie scjnJieKTbi B6nH3H Bpamaiomeroca Tena? npaBHnbHOCTb onucaHun <j)H3H- 
necKoro 3(}n])CKTa b iiia'inTenBiioM cTeneHH oy/icT onpenenHTi.cH BepHocTbio h 
npaBHnBHOCTBK) HCXOZJHBIX (j)H3HHeCKHX KOHUenHHH, nOCTynaTOB, npHHHHnOB, 
n0n05KeHHbIX B OCHOBy TCOpCTHHCCKHX nOCTpOeHHH. 

Ecnn HaSmojaTenB 6vaeT hcxo.thtb h3 iaBcpovio oihh6ohhoh KonnennnH, 
hto HHKaKOH MaTepnantHOH cpc.TBi B6nH3H Bpamaiomerocfl mapa b .tchctbh- 
TentHocTH He cymecTByeT, to oh Buiiync/icn oyncT npH3HaTb, hto b npocTpaH- 
CTBe OKono Bpamaiomeroca mapa (b npennonaraeMOH (J)H3HHecKOH nycTOTe) 
nonBHnocb KaKoe-To HOBoe, paHee He perncTpupyeMoe «(J)H3HHecKoe none», ko- 
TopoMy oh pemnn nance ,thtb BnonHe npHcvfncvfoe H33B3HHe - TopcnoHHoe no¬ 
ne. H 3 3KcnepHMeHTOB iiaomonaTcnB onpcncnncT 3aKOHOMepHOCTH cna/ia pe- 
antHO HaSmonaeMoro (j)H3HHecKoro 3(j)cj)eKTa ot paccTOflHHn, bha (J)yHKHHH 
B3aHMonencTBHn h 3anncbiBaeT (npnnyMbiBaeT iinn nonEnpaeT!) OKOHHaTent- 
Hyio 3MnnpnHecKyio (JiopMyny nna hoboto BHfla «(j)yHflaMeHTajibHoro B3an- 
MonencTBHH», o6ycnoBneHHoro hkoobi pc ammo noaBHBHierocji b nycTOM npo- 
cTpaHCTBe HeKoero TopcnoHHoro no.ia. npn stom, ecTecTBeHHo, HHKaKoro (|m- 
3HHecKoro o6bncHeHnn iraomo/iacMOMy nBncimio oh .thtb He MonceT. H oco6eH- 
HO HenOHnTHBIM, C ({m jH'ICCKOH TOHKH jpCHHSI. aBJISeTCfl BBIBO.T eTO TeOpHH, HTO 
b aocomoTiio nycTOM «HHHTO» MoryT noaBJiaTbca KaKHe-TO pc an [mine (|)irm- 
necKHe nona h pcammue CHnbi. TaKOB pe3ym>TaT 3aBC/iOMO omn6oHHbix i-icxon- 
hbix KoniicnHH ii. ho 3aTO o'iciib npocTOH h nenciiH cnoco6 bbchciihsi (nnn ponc- 
nemw!!!) noBoro BH/ia «(j)H3HHecKoro» nona. 




16. TynnKOBbie HanpaBJieHiM b coBpeMCHHoft (j>H3HKe 
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OjHaKQ, ecjin Ha6jiioaaTejib-cv6 , beKT - cvmecTBO HOCTaTOHHO pa3VMHoe h 
oco3HaeT peanimyio (|)H3HHCCKyio CHTyaiinio, hto b npocrpaHCTBe okoho rnapa 
cymecTByeT peanbHan MaTepHanbHaji cpena, oSnanaiomaji puflOM c|)H3HHecKHX 
cbohctb h onpeaeneHHOH BH3KOCTbio, to npn Bpamemm mapa npuneraiomHft k 
ero noBepxHocTH noi/iyx TaioKe npnncT b hbhvkciihc h nepc3 HeKOTopoe BpeMJi 
okoho BpamaiomerocH mapa na>Ke Ha 3HaHHTenbHOM paccTOJiHim 6y.neT peajibHO 
perncTpupoBaTbCH BpameHne BOinyxa, non /ichctbhcm noTOKa KOToporo Bee 
npo6Hbie Teiia Ha nonaccc. ecTecTBeHHo, npnnyT b .ibh/Kciihc. Eonee toto, H3-3a 
HajTHHHH rpannciiTa cKopocTen b BOinyxc Bee npo6Hi>ie Teiia npno6peTyT h on- 
peneiieHHBie BpamaTenbHbie nBHaceHiia. Hto6bi npaBHJiBHo onucaTt naimoe jib- 
jieHne, co3HaTejiBHBiH naonio/iaTcnb-cyObCT 6epeT H3BecTHyio h npoBepeHHyio 
Ha npaKTHKe Teopnio no ra3onnHaMHKe, noncTaBHueT b (JiopMyny (ecTecTBeHHo, 
y*e He aMnupunecKyio!!!) mBecTHoft TeopHH cooTBCTCTByioinne 3aMepeHHbie 
CKopoeTH noTOKa BOinyxa, rpa/incnTbi CKopocTcil. napaMCTpbi caMHX npo6m>ix 
Ten H H3 paC'ICTOB OnpCHCJHICT. KaKHe CHJIBI HO-T/KIIBI /ICHCTBOBaTb Ha npo6Hbie 
Teiia Ha pa3Hbix paccTosninax ot och BpamaiomerocH mapa. Pe3ynbTaTbi pacne- 
TOB CBCpHCT C npaKTHHCCKHMH H3MepeHHJIMH 3THX CHJI B3aHMO.TeftCTBHH H V/IO- 
CTOBepneTcn, hto (|)H3HHCCKaii Teopioi MaTepnanbHoft ra30Boft cpc/ibi, /laBiio H3- 
BecTHan iaso/iHHaMHica. /icHCTBHTcnbno noHHOCTbio o6bHCHseT Bee naonio/iae- 
Mbie okoho BpamaiomerocH mapa nHHaMHHecKHe aijjcjjeKTbi. A sto 3H3hht, hto 

HHK3KHX HOBBIX (J)H3HHeCKHX nOHeft H TeOpilft HRfl HHX npH^yMblBaTb (HHH, npH- 
mo cKanceM, po>K/iaTb!) h BBoni-iTb npocra He TpcoycTcsi. TaKOBa pamnna b c|)h- 
3HHeCKHX nonxonax. H TaKOBbl 3HaHHTeHbHbie OTHHHHH B HX KOHeHHbIX pe3ynb- 
TaTax. OobHcneiiHC naonio/iacNtoro HBncnna HecKOHbKO ycnomuieTGH, ho 3aTO 
CTaHOBHTCH noHHTHOH (J)H3HHecKaH npnpo.Ta 3 toto HBHeHHH. Bee CKa3aHHoe 
HMeeT nenocpcncTBcnnoc oTHomeHHe KaK k He cymecTByiomHM b npnponc 
«TOpCHOHHbIM nOHHM», TaK H KO MHOTHM npybHM, yCT3HOBHeHHbIM (pO)KneH- 
hbim!!!) TaKHM >Ke ObicTpbiM h HerKHM cnoco6oM nonavi. Cio/ia ace othochtch h 
po>KneHHoe eme no3anpomHOM Bexe noHHTHe «MarHHTHoro noHH», ot KOToporo 
Mbi He MO)KeM HiOaBHTbcsi na>R'c b nacTosnucc upevisi. Ilopa 6bi h b 3tom Bonpo- 
ce, HaKOHeu, HiOaBHTbcsi ot 3aKOCTeHeHoro (j)opMaHH3Ma h pa3BHBaTb /ichctbh- 
TenbHo (J)H3HHecKyio Teopnio cpcnbi <J)H3HHecKoro BaxyyMa, a He HeKoe «HH- 
HTO», oneToe b <«J)H3HHecKyK)» py6aniKy. 


16. TynHKOBtie nanpaB.iemm b cospeMeimoH (|)M3mkc 

Ho caMbie Bamibie oTKpbiTiM >KnyT hchobchcctbo nocnc nojiHoro npH3Ha- 
HiiH hm, iiaKonen-To. peanbHocTH cymecTBOBaHiiH o'lciib tohkoh MaTepnanbHOH 
cpe^bi <J)H3HHecKoro BaxyyMa co BceMH npucymuMH en c|)H3HHecKHMH cboiict- 
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B3MH H HCXJIIOHHTeJIbHOH pOJIH, KOTOpyiO OHa HTpaeT BO Bcex OKpy>KaK)]HHX Hac 
(j)H3HHecKHX npoueccax. MaTepnanbHaa cpe^a c[)H3HHecxoro BaxyyMa HMeeT 
peajitHtie 3JiexTpoMarHHTHbie CBOHCTBa, xmcxpeTHyio KBaHTOByio CTpyKTypy, 
peajitHyio MaTepnajibHOCTb n CBH jaimyio c Hen oncpn-no [1, 2], B nacToamcc 
BpcvfH yace ohchb MHoro roBopuTCH o (|)H3H'icckom BaxyyMe, o peajibHOCTH cy- 
iuccTBOBanHH cpc.TBi (])H3H'iccKoro BaxyyMa, ho Miiornc aBTopti nBiTaioTCH. xax 
HeoziHOKpaTHo oTMenanoct yace Bbinie, o6ohth cnopHbie Bonpocbi, cBHiainiBic c 
npn3HaHH0M ocHOBHoro (JjyH/iaMeHTanBHoro CBOHCTBa cpezmi c[)H3HHecxoro Ba- 
KyyMa - 6 biti> npeiiMymecTBeHHOH chctcmoh OTC'iCTa, Tax xax sto cpa3y ace 
3aTparHBaeT Taxue (JiymiaMeHTajibHbie npo6neMbi, xax npnHunn othochtojibho- 
CTH H npHHHIffl nOCTOSHICTBa CKOpOCTH CBeTa H T.,T. Il03T0My MHOTHe aBTOpbl 
HCKajiH h i«nyT KOMnpoMHCCHbie nyra, 6oacb noTpeBomiTb npH3HaHHbix aBTO- 
puTeTOB, h CTpojiT cboh Teopini (|)H3H'iccKoro BaxyyMa B paMKaX KOIlHCnilHii 
npnimnna oTHOCHTeabHOCTH A. 3HniriTeiiiia. hto 3aBC/iOMO ooyciiOBJTHBacT hbiio 
npoTHBopeHHBbiH xapaKTep sthx Tcopnii. Hobbix Tcopnii «<|)H3H l iccKoro Baxyy- 
Ma» hjih «3cj)HpHOH cpe,nbi» nopoameno ctoubko MHoro, hto ziaBHO nopa nocTa- 

BHTb KOMy-TO nOCHC/IHIOIO TOHKy B npH3HaHHH H OCHOBHOTO CBOHCTBa CpCTIBI 
(])H3H'iccKoro BaxyyMa - 6biTb npenMymecTBeHHOH CHCTeMOH OTC'iCTa j\jm Bcex 
npoHCXo.iamux b Hen ([htjh'icckhx hbhciihh. Ecjih Taxaa Tonxa He oy/iCT no- 
CTaBneHa, to b c[)yH,naMeHTajibHOH (J)H3Hxe 6yzieT TBopiiTbca Taxon ace npoH3Bon, 
xoToptiH HMeeT MecTo b nacToamcc Bpcvia b Hayxe iepMO,inHa\inKa. 

H3BeCTHO, HTO B pa3HOe Bp CM a H pa3HBIMH 3BT0paMH 6bIJIO BBIBC/ICIIO B 06- 
meM cHovxnocTH 6onee cothh ypaBHemiH cocToaHiia BemecTBa [91]. KaacibiH H3 
3thx aBTopoB, HecoMHeHHO, H3 BbicniHX nooyvK.TCiiHH. cTapanca iianucaTB Taxoe 
coBepmeHHoe ypaBHeHHe cocToaime BemecTBa, xorapoe 6bijio obi npuMeHHMo 
bo Bcex cnynaax h b jtioobix cj)a30Bbix ncpcxo/iax. Ho b flajibHenmeM xaaymift H3 
3thx aBTopoB yocac/iajica. hto ero ypaBHeHHe oxa3biBajiocb npuMcnuMbiM toub- 
XO B OT/ICJTBIIBIX HaCTHBIX CJiyHaaX. MoaCHO 6bITb yBepeHHbIM, HTO 3a nOCHC/IIICC 
BpcMH yace noaBHJiHCb HOBbie ynuBcpcajiBiiBic ypaBiienna cocToaHiia BemecTBa 
h po'/RTunoTca eme 6onee HOBbie b nacToamcc Bpcvta. K 0171 a ecTb HepemeHHbie 
npo6neMbi b xaxoii-TO oSnacTH Hayxn, to Bccr/ia oyayT nonbiTXH nailTH hm xa- 
xoe-To npncMHCMoe pemeHne. HenoBenecxyio mbicjib, koiiciiio. Tpymio ocTaHo- 
BHTb, ho nopa 6bi h 3a;iyMaTbca, noneMy Taxoil cjihihxom zjnHHHbiH nyTb x hc- 
THHe? ^[aHHyio ciiTyaimio a npiiBoacy xax npHMep toto, xax xapzmnajibHO HOBbie 
hcxo.tiibic KoniieniiHH b c[)H3Hxe MoryT cymccTBcnno H3MeHHTb nonxo/i x He 
pemaeMbiM b HacToamee BpeMa npo6neMaM. 

Eme b 70-x ro/iax, ocHOBbiBaacb Ha HOBbix xoimennuax o CBOHCTBax c[)H3H- 
necxoro BaxyyMa h cymecTBOBaHHH flByx BimoB MarHHTHbix noJieH xmnacymero- 
ca iapa.Ta. TeopeTHHecxn 6biJia ycTaiioBJiciia ^ocTaraHHO npocTaa a[)cpH'iccKH- 
CHMMeTpHHHaa noTeHunajibHaa (JiyHXHHa zjaa cyMMapHbix cna 3JiexTpnHecxoro h 
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MarmiTHoro BiaiiMo/iciicTBiisi vioK.ay ,iBnvKyinn\inc5i 3apH,ia\in [1,19-21,30,31]. 
IIoaBHjiacB aavian'inBaH mien omicaTB BiaiiMonciieTBiin vie'/Kny nBH'/Kyinn\inen h 
KoneSnioiUHMHCJi MoneKynaMH h aTOMaMH nepe3 noTeHHHajiBHBie 3JieKTpoMar- 
HHTHBie (|)yiiKHHH. 3annei> noTcuniianbiibix (|)yiiKHiiii Hcpci oobiniibic 3JieKTpii- 
necKne h MarHHTHtie nona b paMKax H3BecTHoro (j)opMai[H3Ma MaKCBenna oxa- 
3BiBacTCH b npwimine HeB03M0)KH0H (Tax KaK npiixoniiTca hmgtb neno yace c 
3HJiHnTHHecKHMH HHTerpanaMn), KpoMe Toro h caMH ypaBHeHiia MaKCBenna, KaK 
H3BeCTHO, OrpailHHCHbl. 

H3BeCTHO, HTO COfipCMCMIiaSl TCpMO.THIiaMHKa DaiHpyCTCJI Ha HHCTO Mexa- 
HHCTHHeCKHX npCnCTaBJICIlIiaX, HTO Ha MHKpO ypOBHe Bee MOJieKyjIBI B MaTepH- 
ajiBHOH epcnc naan m on c ii e t b y i o t Meacny eoooii tojibko 3a chct \iexannHccKnx 

CTOJIKHOBeHHH. H Ha 3TOM OCHOB3HHH GTpOaTGa MO.TCHH pa3JIHHHBIX Ta30KHHe- 
THHeCKHX Teopnil, BBIBO/piTCa ypaBIICIlHM COCTOaHIia JSfla peajIBHbIX Tejl, Be- 
mecTB h ra30B npn hx (jiaiOBBix nepexonax. Xotji, c npyroii cTopoiibi, b Ha- 
CToamee Bpevia aBJiaeiea yace BnonHe one nun iibim cjjaKTOM, hto hhk3khx Mexa- 
HHHeCKHX CTOJIKHOBeHHH MOJieKyjI MC/Kpy C060H B JIK)6 bIX peajIBHBIX MaTepH- 
ajitHBix c pen ax b ,tc ii ct b htch b n o ct h He cymecTBycT, TaK KaK Bee rrauMonciieT- 
BHJI Me5Kny MOJieKynaMH aBJMIOTCa B3aHMO,HeHCTBHaMH TOUBKO nOTeHUHajIBHOTO 
Tuna nepe3 3JieKTpiiHecKHe h MarHHTHBie nona. CnenoBaTeJiBHO, bc a HayKa 
THPVIOAHHAMHKA aBJiaeTca, b o6meM, hobojibho rpyooii npii6.ni/KciiiioH 
HayKoii. B nepBOM npnGjiHaceHiin MexaHnnecKaa vioncnb b Tep\ionniia\iiJKc h 
ra3onnHaMHKe neiicTBHTeJiBHO OKa3ajiacB BnoJiHe npneMJieMOH h bo mhotom 
no.TTBcpvK'nanacb Ha 3Kcnepn\ieiiTax. OnnaKO npn nonBiTKax nojiyniiTB KaKHe- 
jih 6 o 6onee tohhbic pe3yjiBT3TBi huh yHHBepcajiBHBie cjiopMyjiBi b TepMonima- 
MHKe rjisl 6ojiee mnpoKoro niianaaoiia TeMnepaTyp o6HapyaaiBajiHCB cepBe3HBie 
Tpy^HOCTH h npoTHBopenuji. H3 npoBcneimoro BBirne aHanH3a npn\iciiHTcnbiio k 
( jjyHnaMeHTaUBHBIM OCHOBaM COBpeMeHHOH (j)H3HKH MOaCHO y>Ke eneJiaTB BBIBOn, 
HTO OCHOBHBie HCXO.TIIbIC KOIIUCnHHH T C p M 0 .1 II11 a M IIK11, OHCBIinilO, T3K)Ke HyaC- 
naioTca b BecBMa cepBe3HOH KoppeKTupoBKe. ripoKnc Bcero, MexaHunecKaa 
KOHIienUHH B3 a IIM O n e IIC T B H U 'iaCTHH MaTepHajIBHOH epC.Tbl B «T C p M O ,T II11 a MIIK c » 
non>KHa 6 bitb 3aMeHeHa Ha 3 ji e kt p o n h n a\i 11 'ice k yio. nocne onpencncimn o6bck- 
Ta HccnenoBaHHU naace 6eraoro aHanH3a OKa3anocB nocTaTOHHO, hto6bi cnenaTB 
BBiBon, hto GonBimie nonoipeima BBi3BiBaeT eipe o6ochob3hhoctb bbc.tciihji b 
(])H3HKy TaKOTO HCXOZlHOrO II BaaCHOTO zpm TepMOnHHaMHKH nOHUTIIU, KaK 
«TEMIIEPATyPA». /Jjia pa3HBix MaTepnajiBHBix open onna h Ta >Ke Teiwnepa- 
Typa BOBce He onpencnncT co6oil onwiaKOBocTb k3khx-jih6o npynix napaMeT- 
poB sthx epen, TaK KaK TeMnepaTypa aBJiaeTca chojkhoh (|iy iikhhch ot pa3Me- 
poB nacTHH, MaccBi 'iacTHii (micpniioiiiioii, rpaBHTannoimoii), (|)op\ibi 'iacTHii. 
CKopocTeil hx hbii'/Rxiihsi ii noneBoro bi a ii m o n e ii c t b h u hx vioKny co6oh. rioiisi- 
Tiie «TeMnepaTypa» HBJiaeTcn hckhm cjiojkhbim o6o6meHHBiM ([hiiii'icckhm na- 



684 


3JIEKTP0AHHAMHKA 4>H3HHECKOrO BAKWMA 


paMeTpOM, 3aBHCJHHHM OT pa.ia xopomo H'iBCCTIlblX B (|)H3HKC HCXO/IHBIX (|)H3H- 
necxnx noHsmiii. B TcpMO.TunaMHKc >xe noiumic «TeMnepaTypa» boibc/iciio b 
paHr ocHOBononaraiomero noHsmin Bcero iiaynioro HanpaBneHiin. Kohchho, 
BBe/ieHne noHUTiin «TeMnepaTypa» ynpomano nomiMaHiie HexoToptix c|)H3iiHe- 
ckhx npoiiccx'OB ii ynpomano pacneTti, o/maxo c sthm noiismicM b (|)H3iiKy 6 bi- 
nn BBe/ieHBi n onpezteneHHtie orpaHHHeHiin. 

ricpBBic >xe nontiTKii 3a\fciiBi MexaHiinecxiix ctojikhobohhh nacTim MaTe- 
pnajiBHon cpc.TBi Ha ,THCTaiinnoimBic noTeHunantHtie BjaiiMO/iciicTBini nepei 
cooctbciiiibic noTcnmianbiiBic noun HacTim cpa3y >xe npiiBenn k hcooxotihmo- 
cth OTKa3a ot HcnonBjOBaimyi napaMeTpa «TeMnepaTypa». IIonHan mi(|)opMa- 
Hiin 06 3iicprcTH l iccKHX xapaKTepncTHKax mo6on MaTepnantHoii cpc/mi nerKO 
ycTaHaBnnBanacB c iicnom>30BaHHeM xopomo H3BecTHbix b c[)H3iixe noHsmiii 
vtaccbi, cKopocTn, ane KTpo \i a n HIT ii bi x noneii BiaHMO/iciicTBHSi. IlepBOHanajiBHO 
nonbiTKa 6i>iJia ocymecTBneHa Ha MO/ienn snexTpoHHoro ra3a b xpucTannHHe- 
ckoh pemeTKe npoBonmiKa. K 0171 a k anexTpoHHOMy ra3y b xpHCTannmice ko ii 
pemeTKe npoBOflHHxa 6 biiih npuMeHeHbi ypaBHemw 3JieKTpoflHHaMHKH [7], to 
pciyiiBTaT oxa3ancn BCCBVia neo'/XiinaniiBiM. OKa3anoci>, hto hhcto Mcxaiiinie- 
cxini scjxjiexT nozicoca ra30Boro noraxa H3 ypaBHefflin .naBnemiJi BepHynnn HMe- 
eT 6onee tohhbih snexTpomiHaMiiHecxiiii aHanor, npeziCKa3i>iBaiomHH cymecT- 
BOBaHIie T3KHX 3(|)(])CKTOB, KOTOpBIC nOJHIOCTBIO HCKTIIO'iaiOTCfl B HK>6oH Mexa- 
HnnecKOH mo/ichc cpe/mi. npcncKaiaiio cymecTBOBaHne 3(])(})CKTa noncoca to- 
KOM SJieKTpOHOB npOBOZIHMOCTH H3 06eCT0HeHH0T0 npOBOZJHHKa H scjxjiexTa no- 
noKHTenbHon 3apjmxn mo6oro npoBO,HHHxa npn Hannnun b HeM snexTpoHHoro 
TOKa npOBO.TIIMOCTH [92]. 

K 0171 a ypaBiieiiiw nonHon iicnpoTHBopcHiiBoii 3n e kT po 71 nna m 11 k n n snex- 
TpoMamiiTHBie noTeHnnajitHBie (JiyHXHHH 6 bijih npiiMeHeHti jj.ru omicaHiin co- 
CTonHim peajitHoro BemecTBa, to 6 tuia ycTaHOBneHa cjiopMa ymiBepcantHoro 
ypaBHefflin cocTonmin jjrsl mo 6 oro peantHoro BemecTBa npn moStix ero co- 
CTonHHnx. K 1970 r. aBTopoM 6 tuia 3axoiiHena paooTa « 9n c KTp o n h n a mh h cckoc 
ypaBHemie cocTonHne rpaBHTnpyiomHX cncTeM» (nopimxa 170 CTp. n, k co>xa- 
jieHHio, eme He ony 6 nHXOBaHHan!), b xoTopoii 6 tmo nonyneHO ymiBepcantHoe 
3JieKTpoflHHaMHHecKoe ypaBHeHiie coctoshihc jjrsl jhoobix peantHtix MaTepn- 
antHBix Ten ot ypoBiw n/icpiiBix cTpyxTyp po kocmhhcckhx rpaBiiTiipyioHmx 
CHCTeM. n po bc/ic 11 ii bi m ii Hccnc/iOBannsiMH OBino ycTaHOBneHO, hto H3BecTHoe b 
iiayKC TaKoc HanpaBneHiie, xax TEP M 0/1 11 HAM 11K A . oxaiBiBacTcn aaBC/iOMO 
orpaHHHeHHBiM h oiiihoohhbim nayniiBivi HanpaBneHiieM, Tax xax Ha Miixpo- 
ypoBHe HHxaxnx MexaHHnecxHx BiaiiMonciicTBiiii Moxny HacTimavni BemecTBa 
He cymecTBycT. YnHBiiTcnBiiBiM oxasanocB to, hto ymiBcpcanBiioc ypaBHeHiie 
coctoshihc BemecTBa onpcncnncTcn He o/ihhm, xax sto nBiTaniicB ycTaiioBHTB 
mi 10 rue aBTopBi, a MiiHinviyM (nnn npocTeiimeii cpc/mi) TpeMH ypaBiiciniHiuii. 
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ripH'ICM. KaK 3TO BnOJIHe OHCBH.IIIO, C TO'IKH 3pCIIHyi HHCTO (|)H3H'ICCKOrO nOZJXO- 
pa, otuio m sthx ypaBircniiii oTpa>Kajio co6oh 3aKOH coxpaiicnna jiicprun. bto- 
poe ypaBHemie OTpa>Kajio co6oh 3aKOH coxpaircnnsi iiMnyjibca, a TpeTbc ypaBHe- 
mie - sto bh,t HcnoabiycMoii ann /lairnoii cpc.ibi noTeniuiajibiroii (|)yiiKHH h 
3JieKTpoMarHHTHoro BiaHMO/iciicTBiisi. Ecjih cpc/ia npyraa, to ncnonbiycTcsi 
COOTBeTCTBOHHO H ,Tp)TaH nOTCIlHIiajIbna JI (|)yilKHHSl BiaHMOpCHCTBHH. BIIJIOTB ,TO 
noTeHunajiBHOH (|)yiiKHH h H.Tcpnoro BiaHMO/iciicTBiia h T.n.. Koryia 3Ta CHCTeMa 
ypaBiiciiiin 6 bin a npiiMeHeHa k oniicanmo cogtojihhji BcmccTBa b nciupe 3eM- 
jih, to 6biji noay'icii yruiBHTCJibiibiii peaynbTaT. hto noBbiiiicnnaji b nciiTpc 3eM- 
jih TeMnepaTypa o6ycnoBneHa BOBce He KaKHMH-To /tononHUTentHbiMH <J)H3HHe- 
CKHMII npOHCCCaMH. KaK nblTajIHCB OObJICnilTb MHOTHe COBpeMeHHBie rCO(|)H3H- 
necKne Teopini, a ycnoBiicM o6mhhoto o6mero Tep mo.thii a mh nee ko ro paBHOBe- 
chji 3eMHH b uenoM (nopooiiaa >Ke hticji 6bma BbicKa3aHa b cBoe npcMsi 
K.3. LJhojikobckhm!). Ecuh TeMnepaTypa b neiiTpe 3 cmjth no KamiM-niioo npn- 
HIIHaM nOBBICHTCJI (nOHH3HTCJl), TO 3CMJIH paCHIHpHTCJI (CO'/KMCTOI) H BHOBB nO- 
HH3HT (noBbicHT) ee h t./i. ^aniibiH npHMep iiaraa.Tiio noKa3biBaeT, hto c o6me- 
(J)H3HHecKOH tohkh ipcnnsi Bee npe/imecTny ioiiuic paHee nonbiTKH aBTopoB no- 
jiyHHTB yHHBepeajibHoe ypaBHeHne cocTOHHHe BemecTBa b Biizie ozihoh 06- 
men (JiopMynbi b npiiHiinne jibho ohihGohhbi h Bee ^ajibHeiiimie noncKH b stom 
HanpaBJieHHH npocTO OcccMbicncimbi. Bnojme yBepeHHO mojkho VTBepvKpaTb. 
HTO nocne 3HaKOMCTBa C T3KHM o6iHHM npOCTbIM Hbl BOTTOM OTHOCHTeJIbHO CHC- 
TeMBi yHHBepcajiBHoro ypaBHemui coctojihhji BemecTBa Bpa.i jih kto CHOBa 6y- 
ZieT nbiTaTbca bbibccth HOBoe «ynHBcpcaabiioc ypaBHemie coctojuiho) b bh.tc 
otihoh o6meii (jiopMynbi. 

17. YpaBHeHHH 3JieKTpO/IHHaMHKH cpeabl (])H3HHeCKOrO 

BaKyyMa 

flonojiHHB H3BecTHBie b 3neKTpoz(HHaMHKe ypaBHeHHJi MaKCBenna BTopbiM 
CKaiiapHblM MarHHTHBIM nOJieM H HaCTHHHO BH7TOH3MCIIHB I1X c yneTOM sneKTpo- 
MarHHTHBix cbohctb cpc/ibi (|)H3H'iccKoro BaKyyMa, aBTopy y/ianocb HaiiTH He- 
npoTHBopeHHByio cucTeMy j(H(J)(J)epeHiiHajibHbix ypaBHemiii 3JieKTpoziHHaMHKH, 
nojiHocTBio CBHiainibix co CBOHCTB3MH BaKyyMHOH cpc/ibi. SjieKTpilHeCKIie H 
MarHHTHBie noun b tohkc HaSmo^eHiui onpeaenaioTCJi tojibko no npiiHiinny 
6mi3Ko/ieHCTBHa nepe3 tokh cMemeHiui h noiEapH3aiiHOHHbie scjxjieKTbi b BaKy¬ 
yMHOH cpeac. B hoboh cucTeMe ypaBHemiii y>Ke HeT oomcnpiinsiTbix tokob ne- 
peHoca H CBH3aHHOrO c hhmh (j)OpMai[H3Ma /JOnOUHHTeUbHblX yCJIOBHH, HOpMH- 
pOBOK, Kann6pOBOK, HITpilXOBaHHblX KOOp.TIinaT, 5-c|)yHKIlHH, 3THX HeH3MeHHBIX 
aTpn6yTOB coBpeMeHHBix t|)op m an b i io - m3tcm armec khx mctotiob, iicooxo.th- 
moctb BBcpcimsi KOToptix b c|)H3HKy 6bma ooycaoBaciia TeM, HTO ypaBHeHHJi 
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MaKCBenna 6bdih (h 06 stom npeaynpe}K,nan caM MaKCBenn!) orpaHHHeHBi h He 
npiiMeHHMM hjul cnynan nesaMKiiyTBix tokob, OTpe3KOB TOKa h OT/jentHtix 3apn- 
,HOB. Mencay TeM KaK HOBan .nononHeHHan cucTeMa ,HHc[)c[)epeHUHanBHBix ypaBHe¬ 
HHH tuth nnyx bh.tob viarimTiiBix nonen - BeKTopHoro h CKannpHoro - OKaabiBa- 
eTcn y>Ke npuMciiHMoil Him hioSbix cnynaeB 6e3 orpann'iennii. H HecMOTpa Ha 
to, hto 3tot (J)opMai[H3M c flByMH MarHHTHBiMH nonHMH OKa3ancn y>Ke 6 onee 
coBepmeHHBiM no cpaBHeffliio c MaKCBennoBCKHM, rjisl nonHoro OTpa>KeHH5i 
cbohctb cpc.TBi (])H3H'iccKoro BaxyyMa oh OKasancfl Bee nee orpaiiHHcmiBiM. Mto- 
6 bi nonyHeHHan HOBan «HenpoTHBopeHHBan» cucTeMa ziHc[)c[)epeHHHanBHBix 
ypaBHeHHH ana aeyx TiinoB MarmiTHBix nonen, ycTpaHnioman MHorne npoTHBO- 
penna h napa/ioKCBi coBpeMeHHOH 3ne kt po.T h na mhkh, He npeBpaTimacB b HarneM 
C03HaHHH biiobb b MHoroBeKOByio aorMy, aBTopoM HaftaeHBi /IOKa3aTCJTBCTBa 
cymecTBeHHOH orpaiiHHeimocTH npeanonceHHoro MaKCBennoM m a tcm a t h h c cko - 
ro (J)opMai[H3Ma o 6 menpiiHnTOH 3amicH ypaBHeHHH nepe3 aneRTpiinecKHe h Mar- 
HHTHBie nona H HenpHMeHHMOCTH HX HMeHHO K CBOHCTB3M BaKyyMHOH cpc.TBi H 
IICOOXO.THMOCTH CKOpeHUieTO .TaTBIICHIlierO COBepmeHCTBOBaHHJI 3TOH «Henpo- 
THBopenHBOH» Ha nepBOM 3Tane nonyneHHOH chctcmbi ypaBHeHHH. KcTara, Ha 
HanantHOM 3Tane hcooxo.thmoctb aononnenna HMeHHO ypaBHeHHH MaKCBenna 
eme ozjHHM ypaBHemieM ana CKanapHoro MarHHTHoro nona, KaK OTMenanocB 
ynce BBirne, BBi3BaHa SBiJia TeMH o 6 c t o a t c n b c tb a m h . hto aBTopoM CHanana 6 biji 
npHHJiT 3 a ocHOBy MaTeMaTHHecKHH 4>opMaiiH3M, npeanTOKeHHBiH caMHM MaK- 
CBemioM, nonaraa ero Ha nepBOM 3Tane BnonHe npneMJieMBiM, a caMoe rnaBHoe, 
noHMTHBiM ana Bcex. Ho Koraa Ha 6 onee yrnySneHHOM 3Tane oOHapyncunacB 
cymecTBcnnaa orpaHHHeHHOCTB ynce caMoro BBC.Tcnnoro MaKCBennoM MaTeMa- 
THHecKoro <J)opMajiH3Ma, to 6 biji HailaeH 3HaHHTenBHo 6 onee npocToil (JiopMa- 
jih3m eziHHoro nonHoro MarHHTHoro nona H n = |Hj_|r 0 + |//|||x 0 [30,31]. B hobom 
(])OpMajIH3Me ypaBHeHHH 3JieKTpOCTaTHKH H 3JieKTpOJTHHaMHKH npHHJUIH y>Ke 
nOJIHOCTBK) CHMMeTpHHHBIH BH.T, CymeCTBeHHO ynpOCTHJIHCB H MCTO.TBI peirie- 
HIM 3THX ypaBHeHHH, a T3K)Ke yCTpaHHJIHCB HeKOTOpBie TeOpeTHHeCKHe Tpy.THO- 
cth. Ho .TaTBiieiimHC HecneaoBaHHa noKa3anH, hto npHMeHHTeJiBHO k cbohctb aM 
cpeati c[)H3HHecKoro BaKyyMa h stot 6 onee coBepmeHHBiH c|)opMai[H3M 0Ka3anca 
Bee nee orpaHHHeHHBiM. H toubko Ha cncayiomcM 3Tanc 6 biji nanacn, iiaKoircii, 
noJiHOCTBio npneMJieMBiH ana c[)H3HHecKoro BaKyyMa c[)opManH3M [30,31], ycT- 
paHHIOmHH nOC-TC,TIIHC npOTHBOpeHIM, HO KOTOpBIH TpeOOBa.T nOJIHOTO OTKa3a 
ynee ot Koimenmiii viai HHiHBix nojieii. OKasanocB, hto HHKaKHx ocoobix 
«MarHHTHBix nonen» b npupoae He cymecTByeT. npn nsuneeHHH sjieKTpuHecKo- 
ro Bapa.TKa b epe.TC (])H3HHCCKoro BaKyyMa ero KynoHOBCKoe 3JieKTpHHecKoe no¬ 
ne aecjjopMiipyeTca h hcckojibko yMeHBinaeTca (Ha BenHHHHy -Jl -V 2 /C 2 ). Co- 
rnacHO nee coBpeMeHHBiM, k coneaneffliio ohih6ohhbim, KOHuenunjiM, KynoHOB- 
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CKoe 3JieKTpnHecKoe none y zmiincymerocn sneKTpHHecKoro 3apnzja nonaraeTcn 
Hen3MeHHBiM (rnnoTe3a MaKCBeiuia), ho 3ara b npocTpaHCTBe nonBJineTcn (b 
KanecTBC KOMneHcannn!) HeKoe «MamnTHoe none». Toubko ot nemaimn BHyT- 
peHHen npupozmi nBJiefflin nenoBeK BBraynmeH 6 biji Ha3BaTB sneRTpunecKne 
B3anM0^encTBiM npn hbh/Kciihh 3apn,iOB viarimTiiBiMH b 3 an mo/i e h c t b h n m h h 
BB ecra eme otihii, peantHo He cymecTByiomHH bhh noun. B /ic hctbi-it cn b n 0 c th 
nee npn .TBHVR'ennH sjieKTpuHecKHx sapanoB b cpc/ic (jiiriii'iccKoro BaKyyMa /ic- 
(jiopMHpyioTcn hx co6cTBeHHi>ie 3JieKTpHHecKHe noun, BcneacTBHe Hero ciina 
KyjIOHOBCKOrO B3aHMO,TCHCTBH>T MC'/K/iy HHMH HeCKOJIBKO yMeiibinaeTcn. Yhhtbi- 
Ban B3aHMO/ieHCTBHn 3apnaoB co cpezion (J)H3HHecKoro BaKyyMa (yniiTBiBan 3 a- 
naiHBiBaioiUHC noTeimnajibi ,iBH/Kymerocn 3apn/ia), mtokho nerKO ycTaHOBHTb 
HOByio ciiny 3JieKTpnnecKoro BaaiiMO/iciicTBiin MOK/iy . 3 bh ney muMHcn lapnnaMH, 
tohho coo tb e t c tb yioi h yio 3 kc ncp hmci nanbiio iiaonio/iacMoii cnne. 0/uraKO, 
ecnn nonHOCTbio HrHopnpoBaTB cymecTBOBaHiie BaKyyMHOH cpe^ti h anpuopHO 
npcnnonovKHTb. hto npn hbh'/Kciihh aapnnoB cnna hx KynoHOBCKoro BiaiiMO/icii- 
CTBim MOK/iy co6oh He H3MeiiHCTcn h CKopocTb nepe^ann an c k t p o m a r 11 h ti i b i x 
B03My5KeHHH b npocTpaHCTBe OccKoiic'nia, to npn no/iooiibix nporaBonBHBix 
(nBHO cy6i>eKTHBHi>ix) .nonymefflinx BBraynmeHHO npmieTcn npH3HaTB nonBne- 
Hiin y iapnnoB npn hx hbh'/Kxiihh KaKoro-TO hoboto Bii/ia noun, HanpHMep, Mar- 
HHTHOrO H T./I. 3/ICCb BIlOBb MO'/KIIO TOUBKO nO'iaBH/lOBaTb np030pHHB0CTH npC/I- 
BHjjeHiin AMnepa, kotopbih eme b cBoe BpeMn npcnynpe'/Knan, hto « ecjin b 
3JieKTponiiHaMHKe He OTKa33TBcn ot HOHnTun «MarHHT» , to b najiBHenmeM sto 
TP03HT HeHMOBepHOH nyTaHimefi B TeOPHH... ». 

roBopiiTB cennac n3BiK0M 3Toro nonHocTBio hoboto man coBpeMeHHOH t|)ii- 
3hkh (J)opMajiH3Ma 6e3 MarHHTHBix nonen - sto iiia'iHT. 0Ka3aTBcn nonHocTBio 
HenoHnTBiM. Chhhikom eme BenHKa 1-mcpnnn MBimneHiin ynenbix. IlosTOMy Ha 
HanajiBHOM 3Tane .nance H3 o6men CHCTeMBi nonyneHHBix xmcInjmpeHHHanBHBix 
ypaBHeHHH nenpoTiiBopc'iiiBoii one KTp o ,3 h 11 a mhkh 3 fiyx TunoB MarHHTHBix no- 
nen, b noHnTHOM jj.ru Bcex MaTeMaTiinecKOM (J)opManH3Me, HenocpencTBeHHO 
npocMaTpuBaioTcn ynce h orpoMHBie noTeHHHajiBHBie bo3mo>khocth hoboh suck- 
TpOMaTHHTHOH TeOpHH H B03M0nCH0CTH HCn0JIB30BaHHn ySHBHTCHbllblX CBOHCTB 
cpc.Tbi cjm3HHecKoro BaKyyMa. Hcooxohhmo toubko nocTonHHO noMHHTB, hto 
hobbih Honoaiicmibiii h nacTHHHO iriMciicimbiii (|)op\ianH3M MaKCBenna b iann- 
ch ypaBHeHHH Hcpci sne kt p 11 'Icc kh c E h MarHHTHBie H± , H | noun, ocTaBJieH 6e3 
H3MeHeHHH toubko no cBoeii o6men cjiopMe, Mencny TeM KaK no cBoeMy cymecT- 
By 3TH ypaBHeHIin OTJIHHHIOTCn OT HCXO/IIIbIX TeM, HTO o6menpHHnTBie MCTO.Tbl 
pemeHHH sthx ypaBHeHHH ’icpci tokh nepeHoca b npiiiiHiine 0Ka3BiBai0Tcn ynce 
He npHMeHHMBIMH. KoHCepBaTHBHBIH 130,3X03 K nOHHMaHHK) (|)H3HHCCK0H cym- 
HOCTH HOBOH 30130311(3111011 CHCTeMBi ,T H (|)(|) C p CII11II3-3 b 11 bl X ypaBHeHHH Hepe3 ,3B3 
Bima MarHHTHBix noneH - BeKTopHoro H± h CKannpHoro II , a TaioKe pcirieiiiiii 
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3thx ypaBHemiH toubko nepei o.tiih cMcmenna, cymecTBeHHo oTJiHHaioinuxa no 
cbohm CBOHCTBaM ot tokob nepeHoca, oonapyvKHBacTCH npeayie Bcero b tom, 
HTO npilMeHUTOJIBHO K 3aMKHyTBIM TOKaM (HanpHMep, K 3aMKHyTOMy npjIMO- 
yronBHOMy KOHTypy c riocTOsnmbiM tokom), n p cti n p h n h \i a i otc a nontiTKH Haxo- 
'/K^eHna, npeavic Bcero, cyMMapHoro pe3ynBTHpyiomero 3 nave line BeKTopHoro 
noTeHpnajia A ot Bcex CTopoH 33MKHyToro KOHTypa b 3a/iainioii tohkc Ha6mo- 
/icnna n OTBicKamno div A ot o6mero inaHcima BeKTopHoro noTeHmiana A b 
3toh ace TOHice, KOTopoe OKaiBiBacTca TO>K,TCCTBcnno paBHBiM iiynio div A = 0 . 
OTKyna cpa3y ace .nenaioTca nocnenratie bbibo,hbi, hto HiiKaKoro CKanapHoro 
MamuTHoro nona H y 3aMKHyTBix KOHTypoB iict! OnnaKO, b /ichctbhtciibho- 
cth, cyMMupoBaHne niaHcima BeKTopHoro noTcnHiiana A n ee npoi-nBO/iiioii 
div A b OTjjenBHOCTH ot Bcex crapoH KOHTypa nnmeHO c|)H3HHecKO CMBicJia, TaK 
KaK 4>H3HnecKHH cmbicji y npoii3BOXiHOH div A npaBJiaeTca tojibko Tor/ja, Kor.ua 
c ncii conocTaBneH eme n poo nun sneRTpiiHecKHii iapa/i e n nanpaBJicnnc ero 
ABHaceHna V. Toubko b stom cnynae yuaeTca onpemiTB bur rpa/jneHTHon cjiyHK- 
nnn n ee 3HaK aura cnynaa 0Tpe3Ka KOHTypa TOKa, kotopbih coBna/iacT c HanpaB- 
jieHneM .iBHaceima npo6Horo aapa/ia hjih ncpncn.THKynapen eMy. Hcooxo.th- 
moctb an(J)(J)epeHnHpoBaHHa MamnTHoro B3aHM0,neHCTBHa napannenBHO n nep- 
nen.THKynapno zmiiacymexca lapanoB yace nco/inoKpaTiio OTMenanacB BBime, TaK 
KaK 3 to CBaiano c cymecTBeHHo otjihhhoh npupo/ioii nOTeHUHajIBHBIX n He no- 
TeHHHajIBHBIX MarHHTHBIX BjaHMO/ICHCTBHH. 

Ha HanajiBHOM 3Tane ocBoeHHe hobbix npcncTaBJicni-m biic kt p o .t h h a mhkh 
HByx TiraoB MarHHTHBix nojieii MoaceT 6 bitb b KaKoii-TO CTeneHH h nepcneKTHB- 
HBIM, HO HCOOXO.THMO nOCTOSHIHO nOMHHTB, HTO 3T0T Hiar - TOUBKO nO.TrOTOBH- 

TenBHaa xnpypninecKaa noJiyMepa k npeacToameii b dnHacaHiuee BpeMa cepBe3- 
hoh xnpyprHHecKOH onepamm cjiymiaMeHTajiBHOH <J»h3hkh h k nonHOMy 0TKa3y 
ot noHaTiia «MarHHTHBix nonen». 


18. IIpHMHTHBHOCTb HaUierO C 03 HaHHfl B CpaBHCHllll c 
COBEPUIEHCTBOM 2KHBOH KJIETKH 

KaK noKa3BiBaeT HCTopua paiBUTiia HenoBenecTBa, co3HaHHe HcnoBCKa oKa- 
3BIBaeTCa OHCHB HHepTHBIM II no 3T0H npHHHHe CHJIBHO OnaiHBIBaCT B OBJia/ICIlHH 
33K0H3MH npiipO.TBI no CpaBHeHHIO C C3M0H aCHBOH KJieTKOH, OJiarO/iapa aCH3He- 
aeaTenBHocTH KOTopoii h c<j)opMHpoBajiocB caMo co3HaHne nenoBeKa. Eme do¬ 
nee HHepTHBIM aBJiaeTca MBimneHiie nenoBCKa, Korapoe ohciib Tpyrnio paccTaeT- 
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ca c TeMH .iocth'/Kciihsimh. KOTopiae 6bijih nojiyneHBi paHee. B pcay.TbTaTc mbi 
oopcncnno nncTCMca paneKO b XBOCTe nponccca ocoiiianna h kohtpojm 3a sbo- 
JIIOUHOHHBIMH H3MeHeHHH no CpaBHeHHIO C CaM00praHH30BaHH0CTBK) CaMOH 
5KHBOH MaTepHH H )KHBOH KJieTKH, H3 KOTOpOH C3MH >Ke MBI H COCTOHM. IIpOaB- 
jiaioirincca HHorpa yziHBHTenBHBie bo3mo>khocth h cnoco6HocTH mo/icii, He 
nO/IJiaiOIHHCCa KOHTpOJIK) H 0C03H3HH0My ynpaBHeHHIO CaMHM HCJIOBCKOM, ro- 
BopaT o npaKTH'iccKH ocirpaniiHiibix B03M0>KH0CTax HenoBexa, earn ero C03Ha- 
Hue cMO)KeT nojiHocTBio KOHTponHpoBaTB ero ace noncoiiiaiiHc. Ho jpia 3TOTO 
napo, npeacpe Bcero, xoTa 6bi oco3HaTB Te (|)H3hhcckhc npHiinnnbi h 3aKOHBi, 
KOTopBie ynpaBPaioT ac h 3 n e p e a t e ji b n o c t b i o aciiBOH kjjctkh h aciiBOH MaTcpncii. 

Mbi tojibko ccii'iac na'innacM roBopuTB o CKanapHBix MarHHTHBix nojiax h 
npoponBHBix 3JieKTpoMarHHTHBix BonHax, Meacpy TeM KaK acHBaa KJieTKa h acn- 
Baa MaTepHH. B pjIHTeJIBHOM HpOHCCCC CBOeil 3BOJHOIJHH, paBHO yace HaillJIH 3TH 
nojia KaK onTHMajiBHO npneMJieMBie pna CBoeii acH3HepeaTeJiBHOCTH. CaMa 3apa- 
poBaa CTpyKTypa kjjctkh. c aapapoM opnoro 3HaKa b neiiTpe kjjctkh h c aapapoM 
ppyroro 3HaKa Ha ooojiohkc. no TeopeMe OcTporpapcKoro-Taycca, coapacT 6na- 
ronpiMTHBie yHHKajiBHBie ycJiOBiia KOMneHcainiH KaK sjieKTpiiHecKHX, TaK h H3- 
BecTHBix MarHHTHBix noJieH BHe KJieTKH. HcnoJiB3ya incprmo pjicktphhcckhx 
nojieii BHyTpn KJieTKH, acHBaa npnpopa npepycMOTpena bo3mo>khoctb He B03- 
MymaTB 3 toh ace incprncH coccpnnc KJieTKH, KOTopBie HMeioT co6cTBeHHyio 
BHyTpeHHioio incprmo pjiCKTpHHCCKoro nona. npn BHeniHeM ace BOipciicTBHH 
Ha KJieTKy nponcxopHT npouecc yBeJiHHemia hjih yMeHBineHiia BeJiHHHHBi 3apa- 
poB KJieTKH (BHyTpeHHHH aapap hjih paipap), hto TaKVR'c He npiiBopiiT k noaBne- 
HHIO HH 3JTCKTpH l ICCKHX, HH MaTHHTHBIX nOJieH, HH OOblHHblX nOnCpCHHI.IX 3JieK- 
TpOMaTHHTHBIX nOJieH BHe KJieTKH, HO 3aTO BHe KJieTKH BOiOyVKPaiOTCH MajIOH3- 
BecTHBie eme pna HeJiOBeKa CKajiapiibic MariiHTiibic nona h CBajamibic c hhmh 
npOPOJIBHBie 3JieKTpOMaTHHTHBie BOJIHBI, KOTopBie HCnOJIB3yiOTCa KJieTKOH KaK 
HH(J)OpMaHHOHHBie nOJia B3aHMOpeHCTBHH Meacpy KJieTK3MH. CnepOBaTeJIBHO, 
CKajiapHBie MarHHTHBie nona h npopoJiBHBie 3JieKTpoMarHHTHBie bojihbi aBJiaioT- 
CfL 6HOHII(|)OpMaHHOIIIIblMH nOJI^MH 5KHBOH MaTepHH, OOCCnCHHBaiOIlIHMH 6llO- 
JIOTHHeCKyiO HIK|)OpMaHHOIIIiyiO CBHib MCVR'Py BCeMH OHOJIOrHHCCKHMH o6BeKTa- 
MII H HCJIOBCKOM. 

HanajiBHBie 3 k cnep hm cimi ji b11bic hccjjcpo Banna CKanapHBix MarHHTHBix 
nOJieil II npOPOJIBHBIX 3JieKTpOMarHHTHBIX BOJIH nOKa3BIBaiOT HX HCKJIIOHHTeJIBHO 

6ojiBinyio 6HOJiornHecKyio aKTHBHocTB [54]. BnojiHe ecTecTBeHHo, hto 6e3 rny- 
6okoto H3yHeHHJi 3thx noJieH, 6e3 hccjjcpo Bairn a c[)H3HHecKHx, 6nojiorHHecKHx h 
HH(])opMaHHOHHBix cbohctb 3thx nojieii, /lajJbllCHIIICe He0C03HaHH0e H He KOH- 
TpoJinpyeMoe ncnoJiB30BaHHe pa3JiHHHBix cospaBacvibix 'ichobckom sncprcTime- 
CKHX CHCTeM HpeBaTO CepBe3HBIMH 3KOJIOTHHeCKHMH nOCJiepCTBHJIMH. Ho 0C03- 
HaHHe HaMH peanBHOCTH cymccTBOBanna BToporo Bnpa CKaaapnoro MarHHTHoro 
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nona, npoflontHtix snexTpoMarHHTHBix bojih h conyTCTByiomux hm MHoroHiic- 
jieHHtix zipyrux aBneHHH - sto eme .rjanexo He Bee, hto y>xe tuibito HcnonB3yeT 
miBan NiaTcpna. 

y>Ke ccii'iac tcopcthhcckh npoc m aTp hb a ctch. hto eme 6onee HHTepecHBiMii 
H nepeneKTHBHBIMH JIBJI5IIOTCJI 3(j)cj)eKTi>I H JIBJieHHJI B03/(eHCTBHJI 3CHB0H MaTe- 
pmi h >khboh KJieTKH Ha CBOHCTBa caMOH cpe/mi (J)H3HHecKoro BaxyyMa. Iloiiy- 
neHHBie b nocnc/mcc BpeMJi yHHKajiBHtie pc3yjTbTaTBi H3 o6nacTH reHHOH Hroxe- 
HepHH, /lOKa'jBIBaiOIHHC B03M05KH0CTH 5XHBOH M3TepHH OCTaBjIHTB K3KyK)-T0 HH- 
(jjopMauHio ncH3BCCTiiBiM cnoco6oM ;ia>xc b «nycTOM npocTpaHCTBe» - Tax Ha- 
3i>IBaeMBIH «(j)aHTOMHBIH 3(j)cj)eKT» H T. n., n03CKa3i>IBaeT HaM O en0C06H0CT5IX 
5XHBOH MaTepHII H3MeHJITB KaKHM-TO 06pa30M CTpyKTypy epe.TBI (|)H3HHCCXOrO 
BaxyyMa. Bo3mo>xho, hto vxHBaa MaTcpua HcnoiiB3yeT asm cboch vxhbiic.tcs- 
TentHocTH eme 6onee toiikhc bh/ibi nnc|)opManHoimoH cbh3h. B nepcnexTHBe, 

XOTB H C 60HBHIHM OnOi.TailHCM. HCJIOBCX 7IOJT/KCII 0C03HaTB H 3TH 3aXOHBI npH- 

poziti. H earn mbi tojibxo-tojibxo eme na'iniiacvi npocMaTpHBaTB h oco3H3BaTB 

B03M05XH0CTB B03;iCHCTBHSI Ha CpCTiy (|)H3HHeCXOrO BaxyyMa, VXHB3H MaTepHJI 
TiaBHo y>xe HcnonB3yeT h sth jiBnemui h scjxjiexTBi asm cBoen o6bihhoh h noBce- 
ZIHeBHOH VX H31TC/ICSITCIIBIIO CT H. MbI H 3/ICCB Iia/IOIHT) 01103/131111, XaX OTMenajIOCB 
y>xe BBirne, b npa kthhcckom ocBoeHini 6e3rpaHHHHBix cbohx >xe B03M0>XH0CTeH. 
Flop a 6 bi h ycTBi.THTBCH HarneMy C03HAHHI0 ncpc/i HamiiM >xe I10/],C03HA- 
HHEM b npHMHTHBHOCTH yxopeHiiBHierocn Harnero mbiiiijiciihsi. Cne/iOBano 6 bi 
. naBHO HaM ccjjopMynHpoBaTB Bonpoc, xax /jonro mbi 6y/jeM npozioioxaTB TepneTB 
jibho 3axocTeHenyio HHepTHOCTB MBiiuneHiM Harnero coiiiaimsi. nopo>R7icimyio 
Bcero JIHIHB yCTOJIBHIHMHCJI TlOTMaMH H yCTaHOBJieHHBIMH C3MHM >xe HeJIOBeXOM 
npaBHJiaMH h (|)opMa\iH oiicitkh /locTiiniyTBix nenoBexoM 3H3 hhh? He nopa jih 
0C03H3TB nary6HOCTB mhotux Harnux (HexoTopBie nepeHHCneHBi y>xe BBirne) 
oomcnpmisiTBix /iotm h Koiiiiennnii. xoTopBie jibho jibjijiiotgji TopM030M b pa3- 
BHTHH H3IHHX 3H3HHH O 3aXOHaX npiipO^BI? B IiaCTOSHUCC BpeMJi XOpOIHO H3- 
BecTHO, xax Tax>xe y>xe OTMenanocB BBirne, hto caM opraHH3M nenoBexa HMeeT 
cnoxHenniyio snexTpoMarHHTHyio npupoay, xorapyio HcnonB3yeT mra CBoeii 
o6bihhoh vx h 3 it c,i e h tcji b i i o ct h xneTOHHaji MaTepiui Harnero opraHH3Ma, a He mbi 
jihhho CAMH, npii'icM Be3 nc/iOMa Harnero "BBicoxopa3BHToro, xax mbi oihh- 
6ohho nonaranH, C03HAHHM". Haiue "BBicoxopa3BHToe C03HAHHE", Ha 
noBepxy, oxa3anocB Bna/jeeT Bcero hhihb eme MH3epHBiMH 3HaHH»MH, no cpaB- 
HeHHK) C TeMH 3H3HHJIMH, XOTOpBie y>Xe 3ajIO>XeHBI B XJieTOHHOH 5XHBOH MaTe- 
piin... H 6 ohbiuoh Bonpoc 3axnioHaeTCJi b tom, xeM >xe sth 3 i i a it h si mothh 6bitb 
3ano>xeHBi b >xhboh xneTOHHOH MaTcpiin h mothh jih sth maimsi lapomiTBCH 
caMH co6oh npoiicccc b /ijihtciibix sbohiohhohhbix iiiMciicimii >xhboh \iaTcpnn. 




18. IlpHMHTHBHOCTb Hamero ccBHaena h coBepmeHCTBO >khboh kjictkh 


691 


ripoiicc'c /uTHTCJibirux sbojiiouhohhbix h3mchchhh acHBoro BcinccTBa no yHCIIWO 
flapBHHa, Konc'ino. oObacnaoT ohchb MHoroe, ho hto6bi /jo TaKoii tohhocth Ha 
MHKpoypoBHe '/Khboh MaTepini - 3 to npocTO OAHTACTHKA!!! 


19. Cpena (JnoiiHecKoro BaKyyMa h noTeHpHajibHbie 
B03M0JKH0CTH OYH^AMEHTAJILHOH OH3HKH XXI BEKA 

AKHCIITHpyyi BHHMaHIie Ha HCKJHOHHTCJIBHOH ilia'IHMOCTH ^ajIBHeHHIHX HC- 
cne/iOBaHHH cbohctb cpenBi (J)H3HHecKoro BaKyyMa KaK peajiBHOH MaTepnajiBHOH 
CpC.TBI, OOJia/iaiOIUCH CBOHCTBaMH ObITb npeHMymeCTBeHHOH CHCTCMOH OTC'ICTa, 
HCKJHOHHTCJIBHO OO-lblllOC ilia'ICHHC npHo6peTaiOT npOOJICMBI HCn0HB30BaHH5I 
OCirpaim'iiiBix 3anacoB BHyTpeHHen "Jiicprun BaKyyMHOH cpc.ibi. Ouciikh pa3- 
hbix aBTopoB noKasBiBaioT. hto .qaace b paMKax npeacTaBneHH5i ripocTCHineii 
3JiCKTpoHHO-no3HTpoHHOH MO/jenH cpenBi (J)H3HHecKoro BaKyyMa 3anacbi BHyT- 
peHHen 3HeprHH cpc/ibi <|)H3HHeCKoro BaKyyMa npocra c|)anTacTH'iccKHC. Ha- 
npHMep, b npn6nH>KeHHH Mo^enn 3JieKTpoHHO-no3HTpoHHbix nap b 1 cm 3 BaKy¬ 
yMHOH cpc/iBi 3aKJiK>HeHO 3Heprnn nopa/pca 10 32 flat. JJjix cpaBiieima movkiio 
noKasaTB. hto npn nonHOM «cacnraHHH» 1 cm 3 o6bihhoto a.iepnoro BemecTBa (b 
ynpaBHHCMBIX H.lCpilblX pCaKHHHX Bbl/lC-lflCTCa HHHT05KH0 Majiaa HaCTb 3TOH 
SHeprHH, TaK KaK Bee ocTantHoe ocTacTca b a.icpiibix ocKoincax) movkct bbi/ic- 
HHTBca 3HeprHH tojibko nopa^Ra ,no 10 15 ,ZJac. B paMKax npyrnx npnGnHaceHHH, 
ocHOBbiBaacb Ha npyrax Mo^enax CTpyKTypBi (J)H3HHecKoro BaKyyMa, BHyTpeH- 
h aa SHeprua cpe^bi (J)H3HHecKoro BaKyyMa .hoxouht /to acTpoHOMHHecKiix HHceii 
h OKaiBiBacTca paBHOH nopa/iKa 10 80 spr. H Bca 3Ta ancprua cocpc.iOTOHOira b 
o6l>eMe TOJIBKO B 1 CM 3 ! BbICBOOOVK.TCIIHC TOUBKO HHHTOaCHOH ,10-lH 3TOH 3Hep- 
thh, KOTopaa npaKTHHecKH He h3mchht ycaoBHH paBHOBecua BaKyyMHOH cpc.Tbi, 
no HaniHM 3 Cmhbim MacniTa6aM oy.iCT BBipaacaTBCa b bbicbooo'/RTICIihh orpoM- 
hbix 3anacoB aircpn-iH. H MHorne aBTopni 33HaTBi yace npaKTHHecKHMH cepBe3- 
HBIMH nOHCK3MH B 003,131IHH 3HepreTHHeCKHX CHCTeM npHIIHUnHaibHO HOBOro 
noKoaeHHa - reHepaTopoB cbooo.tiioh ancpn-iH, Hcno-ibiyioiUHX ancpn-no BaKy¬ 
yMHOH cpc.ibi [55]. BoiviovKiiocTb cymecTBOBaHHa to mo bo ro Hacoca c KTI/T, 
ooice 100% b otkpbitbix CHCTeMax npHMCiiHTC-ibiio, HanpHMep, k MaTepnajib- 
hoh cpc.ic BOipyxa npcino-iaracT bo3mo>khoctb cymecTBOBaHHa TennoBoro Ha¬ 
coca H B OTKpBITBIX CHCTeMax npHMCHHTCJIBHO K MaTepHajIBHOH CpCIC (j)H3HHe- 
CKoro BaKyyMa. 

HeKOTopBie aBTopBi b cbohx noncKax, ocHOBaHHBix toubko Ha npc.inO-io- 
aceffliax h HHTyimHH, npenJioacHJiH yace peanBHBie .neiiCTByioinHe KOHCTpyKUHH, 
b KOTopBix KTI/T, 0Ka3BiBaeTca no'icviy-To 6o-ibmc oahhhhbi. HeKOTopBie kohct- 
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pyKUHH .BCHCTBHTCJIBIIO BBipa6aTBiBai0T OHepraio, npaKTHHCCKH He noTpeBnira 
H3BHe nn'icro. Pent h.bct, npoK.BC Bcero, o niBciinapcKOM H3o6peTaTene EayMa- 
He, KOTOpBIH 6e3 BCBIKHX BCOpCBHHCCKHX ,B O K H 3 3 TC .3 B C T B, 0CH0BBIB33CB TOJIBKO Ha 
HHTyiiHHH (caM aBTop - caMoyHKa, nacoBBix /ich MacTep!), nocTpoHJi reHepaTop- 
«TecTaTHKa», kotopbih npencTaB^HCT co6oh He hto HHoe, KaK bchiibih ^BHraTenB 
[55]. BboBpeTefflie c/icmano b o6miiHe MerrepHiixa, KOTopaa HMeeT cbohx 
n p c ,b c t a b h to ji c h bo MHorHX eBponencKiix rocypapcTBax. Ha Bee aanpocbi otho- 
CHTeJIBHO B03M05KH0CTH paCCCKpC'IHBailHB H3o6peTeHHJI CnCHHajIHCTBI H3 OOIHH- 
HBI MOTHBHpyiOT TeM, HTO «...3TO ,B3p 6o)KHH, H OH He npO.BaCTCB. HtO HCJIOBe- 

necTBo eme He .booth rao toto ypoBiia cBoero paiBUTna. hto6bi nojiBioBaTBCB 
3toh 3HeprneH». Boo 6 me-To, OTKpoBeHHo roBopa, b hcm-to mo>kho h corna- 

CHTBC Si C nO.BOOHBIMH yTBCp'/K.BCHHBMH B a.BpCC HeJIOBeHeCTBa, eCUH npHHJITB BO 
BHHMamie, b Kaxyio cepBe3Hyio KpH3HCHyio CHTyaiiHio 3aBeno oho b nacTosniicc 
BpeMJi bck) (|)yi i.b a m eHTajiBHyio c|)H3HKy. Hy a ecnn oho BaBCJio. to nycTB oho h 
paex.BCOBiBacT! A m c>K,Hy TeM, b nacTOfliiicc BpeMJi t3khmh rciiepaTopaMH b 
H iBeHijapcKOH ooiuhiic BBipaoaTBiBacTCfl 3HeprHH y*e b oomcii cjiodkhocth .bo 
750 kBt, noKptiBaa Bee noTpe6HocTH acpcBiin. b KOTopon vkhbct H3o6peTaTenB. 

AkTHBHBIM HIlHHHaTOpOM IB OpraHH33TOpOM HayHHBIX nOHCKOB B COB/iailHH 

reHeparapoB cbooo.bhoh Biicpnin bo 1997 r. 6 biji aBCTpiiHCKiiH yHeHBiH-cj)H3HK 
CTC(|)ail MapHHOB, KOTOpBIM nOBTOpeHBI IICKOTOpBIC H3BeCTHBie IiaHOO-BCC IIHTe- 
pecHtie KoncTpyKHHH nep n ct y y m - mo 6 h a c apynix aBTopoB, npe.aao'/KciiBi h H3- 
TOTOBJieHBI HOBBie eo 6 CTBeHHBie KOIlCTpyKHHH. ByayHH IBpC.BCTaBHTC.BCM OT Ab- 
CTpiIH B IlIBCHIUipCKOH OOIUHIIC MeTTepHHXa, MapHHOBy nOCHaCTHHBHIIOCB JIHH- 
ho iiao.BiopaTB pa 6 oTy reiicpaTopa EayMaHa (06 3tom ony 6 nHKOBaHO b moho- 
rpai])HH C. MapHHOBa «Bo'/KCCTBCiinaa 3a e k Tp o a h 1 1 a m hk a», 1993 r.), Kor.aa .BBa 
reHeparapa BayMaHa 6 bijih BBicTaBJieHBi ,aaa .acMoncTpaiiHH peanBHOCTH cyme- 
CTBOBaHHJI T3KHX KOIlCTpyKHHH. HO 6e3 paCKpBITHB HX CeKpeTa. Ho MHeHHK) Ma¬ 
pHHOBa, “KoiicTpyKHHB BayMaHa - sto ncpriBiil b MHpe paDOTaioiiinii nepneTyyM- 
Mo 6 nne - MeHTa Bcero HenoBenecTBa”. J\jul yneHoro, MBiciramero o 6 bihhbimh 
K aTeropiiHMH (T.e. BceMH nepcHHcaeniiBiMH Btinie oiiihoohiibimh nocTynaTaMH h 
npuHiinnaMH), noMTB pa 6 oTy stoto ycTpoilcTBa npocra hcbo3mo>kho, TaK KaK 
no BCeM H3BeCTHBIM 33K0H3M OHO npOCTO He .BO.BVKHO pa 60 TaTB. HtOOBI nOHJITB 
pa 6 oTy ycTpoilcTBa, hcooxo.bhmbi cepi>e3HBie hbmchciihb mhothx yKopeHHBHiiix- 
C5I HayHHBIX nOHBTHH H n p C.BCTa B.B C 1 1H ii (o HeKOTOpBIX 113 HHX y>Ke ynOMHHaJIOCB 
BBinie!). no MHOrOHHCJieHHBIM nyO.BHKailHHM H3BeCTHBI OpHTHHajIBHBie KOHCT- 
pyKHHH otchcctbciiiibix H3o6peTaTeneH h H3o6peTaTeneH Bpynix cTpaH. B Ha- 
ctoshhcc ripe mb iiac l iHTBiBacTCB y>Ke 6onee .accHTKa nepcneKTHBHBix HanpaBJie- 
HHH B p33BHTHH TIICprCTHKH CpC.BBI (])H3HHeCKOrO BaKyyMa. Coi.BaiOTCB enCHH- 
anBHBie HHCTHTyTBi, aKa.acMH h Cbooo.bhoh siicprun (CIHA, k'pacnoapcK- 
POGCHs) C OpHCIITailHCH Ha pa3BHTHe HOBBIX TeXHOJIOTHH XXI BeKa. Bo3MO)K- 
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HOCTb BBICBOOO'/K/ICIlHyi BHyTpeHHGH 3HeprHH CpC/IBI (|)H3HHeCKOrO BaKyyMa 
np chcK aa bib acTca h tcopcth'icckh hcxo.ih m aHanim cbohctb cpc/iBi (])H3iTie- 
CKoro BaKyyMa. KaK y Hac, TaK h 3a py6e>KOM hmcctch HHtjjopMaujra o peanbHbix 
KOHCTpyKUHJIX npOMBIIILBCimOrO npnMCIICIlHa. B KOTOpbIX KTI/1 OKaiBIBaCTCH 
no'icviy-TO DO-BBiiic 100%. O BBicBODovK.icnilH 3HeprnH cpc/iBi (|)H3H'iccKoro Ba¬ 
KyyMa Ha BecbMa cepbe3HOM ypoBHe roBopuTCJi b paooTax MHorux ynciiBix KaK y 
Hac b Pocchh, CTpaHax CHr, a TaK>Ke sapyocvKiibix y'iciiBix. C HCcac/iOBaiiHCM 
CBOHCTB BaKyyMHOH CpC.TBI CBHBBIBaiOTC JI TaiOKe Iia.TC/K.TBI Ha COi/iailHC IIOBBIX 
neTaTenbHbix annapaTOB. Hmciotcji y>Ke HanajibHbie 3 kc ncp hmci rraubHbie pe- 
iy.aBTaTBi h peantHbie koiictpvkhhh i-noopcTaTCJicii, /lOKaiBiBaioiimx bo3mo>k- 
hoctb yMeHbnieHHJi chji rpaBHTani-ioimoro B3 a h m o/i c il c t b h 3 npn onpaicJicniiBix 

3JieKTpOMarHHTHBIX BOi/ICHCTBHSIX Ha CpC.Ty (|)H3H'ICCKOrO BaKyyMa. PaCKpBI- 
BaiomuccH nepcncKTHBBi npaKTiHiccKoro i-icnonBiOBannyi iiobbix hch3bccthbix 
paHee b HayKe ^bjtchhh h 3(}k])cktob npc.TCTa bjihiotch BecbMa Bavian'inBBiMH. ho 
B nonHe peanbHO ,tocth>khmbimh npn ooihhx KOJUieKiHBiihix ycmimix scero 
HejiOBeHecKoro pa3yMa. 

Hobbic npopBiBHBic TexHonoruji n p h o.t h 'M a io i h c roc a XXI BeKa noTpe6yiOT 
CCpBCilloil JTOMKH MHOTHX yKOpeHHBUIHXCJI npCTICTaBJICIlHH H OCTaHOBHTB 3TOT 
nporpeccHBHbiH npoiiccc .ibhvkciihh Bncpc/i iic.tb33. 


3AKJIIOHEHHE 

B 3aKJiK>HeHHe xoTenocb obi otmcthtb, hto npn bccm yBa>KeHHH k cmc.bo- 

CTH, K OCTpOMy yMy H KpHTHKe MHOTHX jaKOCTCHCJIBIX KOIIUCnHHH COBpeMCHHOH 
(j)H3HKH B pa3HHHHBIX HOBBIX TeOpilflX «(j)H3HHeCKOrO BaKyyMa)) H 6HH3KHX k 
HUM, MOVKIIO 6bIJIO 6bl npHBCTCTBOBaTb HX nOHBMCIlHC. HO B TO)Ke BpCMfl. yHHTbl- 
Baa HMCIOIIIHCOI 3BIIBIC HC/lOCTaTKH B OOOOIIICIIHH HCXO.TIIBIX (])H3H'ICCKHX KOH- 
HenpHH H npHHHMaa BO BHHMaHHe HaKOnjieHHblH HCJIOBC'ICCTBOM TOpbKHH OnbIT 
xo)kj3chh)i no onin6oHHbiM nyraM h 3aK0CTeHenbiM .noraaM b <J)H3HKe, cne/iyeT 
BHHMaTenbHo nepecMOTpeTb sth tco pi-in c vhctom c/icaaiiiiBix o6mnx bbibo/iob. 
Ecjih ecTb comiiciiidt b sthx BBiBO/iax, to moooii MO>KeT caM npoBecra aiiaao- 
THHHbiH aiia.THi h TonbKO noTOM mo>kho npe/uiaraTB HOBoe. Kohc'iiio, iiayiiiBie 
noncKH He H.TVT ctoji6oboh /loporoii. ho Henb3a >Ke ynopHo h occkoiiciiio ohtb- 
cji b jiBHoe «HM L ITO». HoBbie Tcopnn iia/io npc.uiaraTB b TaKOM bh.tc. hto6bi 
ohh OKa3anacb iiv'/Kiibimh 'ic.BOBC'iccTBy He Ha omhii hjih jipa ro/ia, a HaMHoro, 
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HaMHoro 6oni>me. H caMoe rnaBHoe, hto6bi iiotom hcjiobcicctbo He noMHHano 
jihxom mo/ibi TBoero Tpy/ia Ha Bcex nayniiBix ncpcKpcc'TKax. 

^I,jm OTKptiTHJi ^HCKyccHH no BceM aKTyajiBHBiM npo 6 neMaM cjjyHnaMeH- 
T3JIBHOH (J»H3HKH, B IiaCTOHiriCC Bp CM 51 ToMCKHM « H ay 1 III O - T C X 1 1 H 'I CC K H M Ucil- 
TpOM IieTpa.THIIHOIlIlOH 3JI C KTp O ,T H II 3 M H K H » n 0.11~ O T 3 B JI H B 3 C TC H Wcb-CTpailHHa B 
HHTepHeTe non o6ihhm 3 aronoBKOM "XXI BEK - OYH^AMEHTAJILHAil 
OH3HKA", b KOTopoH nnaimpycTCH oTKpbiTaa nncKyccna no BceM HOBbiM Teo- 
pujiM, HneaM h rnnoTe3aM cjiyHnaMeHTajibHOH (J)H3hkh c uenbio KomieKTHBHbix 
noHCKOB otb eTa Ha Bee npo 6 neMbi, c kotopbimh CTOJiKHyiiacb coBpeMeHHaji Hay- 
xa. Ha Web-CTpaHHue 6 yneT nocTyn Ha oTKpbiTbie KomJiepeHUHH no cnenyio- 
HIHM HanpaBJieHHJiM cjiynnaMeHTajibHOH <J)H3hkh: 

1. ®HJI0C0C|3CKHe Bonpocbl (JiyHnaMeHTailbHOH 4>H3HKH 

2. Teopna nona. CneunajibHaa h oomaa Teopnn oTHocHTenbHocTH. Em-maa Teo- 

pna nona 

3. SjieKTponHHaMHKa. 3jieKTponHHaMHKa (J)H3HHecKoro BaxyyMa. SneicrpoMar- 

HHTHbie aBJiefflia 

4. KnaiiTOBasi MexaHHKa. KiiaiiTOBasi 3 n c k t p o 71 h 11 a mhk a. KBaHTOBbie aBJiefflia h 
3(j)cj)eKTbI 

5. Hen3BecTHbie paHee (J)H3HHecKHe aBJiefflia h scjajieKTbi 

6. HoBbie Teopnn, htich. rnnoTe 3 bi 

7. AHOManbHbie aBJiefflia npuponw h HJIO. 

MiK|)op\ianH 5 i 06 orapbiTHu Wcb-CTpaiiniiBi oyncT noMemeHa Ha ocHOBHbix 
cepBepHbix ueHTpax. 


JlHTepaTypa 

1. HnKonaeB E.B. HAYHHEIH BAKYYM. KpH3HC b (|)yiinaMciiTanBiion (|)H3 hkc. 
EcTb jih BBixon?! (HoBbie Koiniennnn (|)H3H'iccKoro MHpa). - Tomck: Hip -bo 
«Kypcue», 1999. 

2. HnKonacB T.B. 3aK0Hbi MexaHHKH h 3ji e KTp o ti h i i a m h k h oKono3eMHoro npo- 
CTpaHCTBa, kh. 1, CTp. 541.- Toe. perncTpauna N77007254, E324555 otV.1974 r. 

3. HnKOJiaeB E.B. r panniiBi npHMeHHMOCTH KnaccnnecKOH h penaTHBHCTCKOH 
3JieKTponHHaMHKH B 0K0JI03CMH0M npOCTpaHCTBe, KH. 2, CTp. 156. - EoC. peTH- 

CTpapHa N77007254, E340882 ot X.1974 r. 




CmicoK jiHTepaTypw 
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4. HnKOJiaeB F.B. O 3aKOHax 3 ji e KTp o p h n a mhkh h oiithkh bo Bpainaionnixca 
OTHOCHTentHO 3eMJin cucTeMax OTC'iCTa. - /Jen. BHHHTH, per. 2911-74. | P/ac. 
On3HKa, 1975, 4E49. - H3B. By30B. Oii3HKa, 1, 1975. - C. 156. 

5. HiiKOJiaeB F.B., OxynoB E.B. K Bonpocy 06 3 k c n c p h \ r c 11 t an b 11 o m o6ocHOBa- 
hhh npuHLpma OTHOCHTeJibHOCTii. - /Jen. BHF1HTH, per. 3064-74. | P/ac. Oii 3 H- 
Ka, 1975, 5E57. - H3B. By 30 B. Oii3HKa, 8, 1975. - C. 155. 

6. HiiKOJiaeB F.B. Ilapa/ioKC OciliiMana n aCHMMeTpna jia6opaTopHoii n pBHacy- 
meiica cncTeM OTC'iCTa. - /Jen. BIFHHTH, per. 1937-75. | P/ac. OniHKa, 1975, 
10E33. -H3B. By30B. Oii3HKa, 8, 1975. -C. 155. 

7. Hi-iKonacB F.B. 06 3.i e k t p o p n 11 a \ni q c c k o m aHanore ypaBiicnna paBJicima 
EepHyiuiH pjia 3 JieKTpoHOB npoBopiiMOCTii b KpucTajunraecKOH peinence npo- 
BOflHHKa. - /Jen. BFIF1HTH, 1938-75. | P/ac. Oii3HKa, 1975, 11E96. - H3BecTiia 
BY 3 ob, On3HKa, 8, 1975, 155. 

8. HiiKOJiaeB F.B. ScjxjieKT Xomia n aciiMMeTpua jia6opaTopHoii n pBiiacymeiica 
cncTeM OTcneTa. - /Jen. BHF1HTH, per. 2507-75. | P/ac. 0H3iiKa, 1976, 12E85. - 
H3BecTiia BY3 ob, Oii3HKa, 11, 1975, 159. 

9. HiiKOJiaeB F.B. 06 orpaimncimocTH KJiaccunecKOH n penaTHBHCTCKoii 3JieK- 
TpopiiHaMHKii b ycJiOBiiax Ha noBepxHOCTii 3eMnii. - /Jen. BHHHTH, per. 3277- 
75. | P/ac. ®H3fflca, 1976, 3E76. - H3BecTiia BY 3 ob, Oii3HKa, 3, 1976, 156. 

10. HiiKOJiaeB F.B. O npoBepKe (JiynpavieiiTajibiibix cooTHomeHini Ha HC3. - 
/Jen. BHHHTH, per. 3429-75. | P/ac. 0H3HKa, 1976, 4E80. - H3BecTiia BY3 ob, 
Oii3HKa, 3, 1976, 157. 

11. HiiKOJiaeB F.B., OKyjioB E.B. 06 nncpnnoimbix cBoiiCTBax 3 JieKTpoHOB. - 
/Jen. BHHHTH, per. 4399-77. | P/ac. 0H3HKa, 1978, 6E151. - H3BecTiia BY 3 ob, 
®H3fflca, 3, 1978, 157. 

12. HiiKOJiaeB F.B. /JnsjieKTpiinecKaa nponimacMOCTb projieKTpHKOB c v'ictom 
MiiKpocKonimecKiix sjieKTpiinecKiix nojieil. - /Jen. BHHHTH, per. 4400-77. | 
P/ac. On3HKa, 1978, 6E145. - H3BecTiia BY 3 ob, Oii3HKa, 3, 1978, 157. 

13. HiiKOJiaeB T.B. I. Tokh CMCinenna ii papnajiBHoe Marmimoe none HBnacyinc- 
roca 3apapa. - /Jen. BHHHTH, per. 3487-78. | P/ac. Oinmca, 1979, 3E79. - H 3 - 
BecTiia BY3 ob, Oii3HKa, 7, 1979, 125. 

14. HiiKOJiaeB F.B. II. Tokh cvieincnna 11 papnajiBHoe Mamiimoe none jniHeiiHO- 
ro TOKa. - /Jen. BHHHTH, per. 3488-78. | P/ac. ®H3iiKa, 1979, 3E80. - H3BecTiia 
BY3 ob, Oii3HKa, 7, 1979, 125. 

15. HiiKOJiaeB F.B. III. Tokh cvieincima h aKcnajibHoe MarmiTHoe none .TBiiacy- 
meroca 3apapa. - /Jen. BHHHTH, per. 592-79. | P/ac. ®H3HKa, 1979, 6A82. - 
H3BecTiia BY 3 ob, Oii3HKa, 7, 1979, 126. 

16. HiiKOJiaeB F.B. IV. 06ocHOBaHiie pcajibiiocm cymecTBOBaHiia aKcnajibiioro 
MarHiiTHoro nojia .iniiacymcroca aapapa. - /Jen. BHHHTH, per. 528-79. | P/ac. 
0H3HKa, 1980, 10E96. -H3BecTiia BY 3 ob, 0H3HKa, N 7, 1979, 126. 
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17. HmconaeB T.B. V. Chctcmh ypanncnnH ana aKcnantHoro (cKanapHoro) n 
paanantHoro (BeKTopHoro) viariiHTiibix itomch aBKHcymeroca 3apaaa. - /Jen. 
BHHHTH, per. 2664-80. | P/ac. ®H3HKa, 1980, 11B91. - PbBecTiia BY3ob, Oh- 
smea, N9, 1980, 126. 

18. HmconaeB T.B. VI. Chctcmm ypaBiicimil ana rsnxpcBMX aneKipiinecKiix no- 
jieii paBHOMepHO n ycicopeHHO aBiiacymeroca 3apaaa. - /fen. BHHHTH, per. 
2665-80. | P/ac. On3HKa, 1980, 11B92. - H3BecTiia BY3 ob, ®H3 HKa, N 9, 1980, 
126. 

19. HnKonaeB T.B. VII. Chctcmbi ypaBncnnn ana rpapncnTiiBix ancKTpmiecKHX 
noacil aBiiacymeroca 3apaaa. - /fen. BHHHTH, per. 2666-80. j P/ac. Oi-nwca, 
1980, 11B93. - HsBecraa BY3 ob, ®H3 HKa, N 9, 1980, 126. 

20. HmconaeB T.B. VIII. O npnpoac BuxpcBBix rpaancimiBix ancKTpmiccKHx 
noacil aBiiacymeroca iapa.aa. - /fen. BHHHTH, per. 5812-85. | En6n. yKa3. acn. 
pyKomic. N12 (170), 1985, HHa. 1104. 

21. HnKoaacB T.B. IX. BuxpcBoc aneKTpnnecKoe none ycKopeHHO aBiiacymeroca 
iapa.aa n BaiconBi nncpnnn sapa.aoB. - /Jen. BHHHTH, per. 5813-85. | En6n. 
yica3. aen. pyKonnc. N12 (170), 1985, ima. 1190. 

22. HnKonaeB T.B. X. BonHOBoe ypaBiicnnc ana BH.xpcBoro aneKTpiinecKoro 
nona n aayx TiinoB BnxpcBBix ManiHTiiBix noneil ycKopeHHO aBiiacymeroca 3a- 
paaa. - /Jen. BHHHTH, per. 5814-85. | En6n. yica3. aen. pyKonnc. N12 (170), 
1985, HHa. 1091. 

23. HmconaeB T.B. I. llpooncMBt a jt c k t po c t aT n k n nycToro npocTpaHCTBa. - /Jen. 
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YBa>KaeMi>ie HHTaTenii! 

XoTenocb 6 bi ycntimaTt Bame MHemie 06 o6i>eKTHBHOH ohchkc oKpy- 
>Kaiomero Hac peantHoro MaTepnantHoro Miipa h 06 oobckthbiioh peajitHOCTii 
cymecTBOBaHiM MaTepnantHOH cpe^ti (j)H 3 HHecKoro BaicyyMa, KaK noKajitHOH 
npenMymecTBeHHOH (|)H 3 H'icckoh chctcmbi OTC'icTa, naxonHiucMcH b nenocpcn- 
CTBeHHOH B 3 aHMOCB 5 I 3 H C MaCCHBHbIMH rpaBHTHpyiOIHIIMH TGJiaMH BCeH OKpy- 
>KaiomeH Hac BcenemroH. OKpyacaiomHH Hac sneKTpiiHecKHH Mnp nonnocTBio 
o6ycnoBneH, npcvKnc Bcero, npuponoil sneMeHTapHbix iapavR'cniibix nacTHn Ma- 
TepHajiBHOH cpc/iBi <J)H 3 HHecKoro BaxyyMa, ocyiuccTBnaio inert BianMocBsrjB pe- 
anbHO omyTHMOH HaMH MaTepini b BHjie aTOMOB, MoneKyn mo6oro BeinecTBa, 
rpaBHTupyiomHx Ten h Bcex kocmiticckhx oobcktob bccjichhoh b Beet oobck- 
THBHBIH OKpy>KaiOmHX HaC MHp. Ho HTOOBI BCCM HaM nOHJITb 3 TOT OOBCKTHBIIBIH 
OKpy>KaK)mHH Hac MHp HaniHM kojijickthbhbim pa 3 yMOM, OKaiBiBacTCH Heo6xo- 
7JHMBIM, npCVK,TC BCCTO, /lOrOBOpi-ITBOI BCCM HaM 06 oOlUCnpHHHTBIX HCXOflHBIX 
nOHJITHJIX B BH/1C pa 3 HHHHBIX aKCHOM H IIOCTynaTOB, MaKCHMajIBHO ODOCIIOBBIBaH 
HX MIIHHMyMOM HaHnpOCTeHHIHX /IOKaBaTCJT BCTB. nO/lTBCp'/K/lCIHIBIX MaKCHMajIB- 
HBIM KOJIHHeCTBOM ({laKTH'ICCKHX /I O K a 3 a T CJT B C T B B BH/IC pCanBIIO CymeCTByiOinHX 
nBJieHIIH, CBOHCTB H 3 aKOHOMepHOCTCH OOBCKTHBIIOrO Mupa. EynyT IIOnCiHBI 
nioOBic Banin oonyviainiBic saMC'iani-m h coo6pa>KeHiM, xax sto mo>kct obitb 
peantHo ocymecTBneHo. 
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